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3Abstract
IntroductionEvidence suggests that diagnosis of an eating disorder (ED) is associated withdifferential cognitive functioning. Whether differences are present prior to onset,possibly affecting risk status for development of an ED, or whether differences area consequence of secondary features of the disorder such as low nutritional intake,is not conclusive. One method of investigating cognitive functioning prior to onsetof a disorder is to investigate cognitive functioning in those that are at high risk ofdeveloping that disorder. Studies have shown that first-degree relatives ofprobands are at higher risk of developing an ED than the general population.
MethodsThis is the first study to investigate intelligence, global cognition, executivefunctioning, social communication and emotion recognition of children at high riskof developing an ED, in comparison to children who are not, in a large communitysample. High risk status of children was defined in two ways: (i) maternal self-report diagnosis of an ED during pregnancy; (ii) maternal lifetime ED behaviouralphenotype.
ResultsChildren at high risk for ED demonstrated superior intellectual functioning andworking memory; but inferior attentional capacity, social communication andemotion recognition. Profile of children at high risk differed according to type ofmaternal ED. There was also some evidence of maternal behavioural phenotypebeing a better predictor of children’s functioning than maternal self-report of EDdiagnosis.
DiscussionResults suggest that the differences observed in children at high risk are putativeintermediate phenotypes for ED, possibly affecting risk status for development.Findings are extremely important: both in relation to the identification ofvulnerable individuals (and therefore preventative efforts); and in furthering our
4understanding of which neuropsychological profiles are linked to susceptibility forED. Also, use of a lifetime behavioural ED phenotype may provide the homogeneityrequired for research investigating intermediate phenotypes and geneticcorrelates of ED.
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Chapter One
General Introduction
1.1 Chapter Overview
The aim of this thesis is to investigate neuropsychological functioning and socialcognition in children at high risk of developing an eating disorder (ED), to explorewhether the differences observed in ED individuals are also present in the firstdegree relatives of probands. High risk status in children is determined bypresence of a maternal ED, and this has been defined in two ways: (i) maternalself-report diagnosis of an ED; and (ii) maternal ED behaviours over lifetime. Thischapter provides an overview of ED psychopathology, diagnosis, and prevalence;examining the limitations of current diagnostic criteria. It then goes on to providereasoning for use of the two different definitions of “high-risk” in this thesis.
1.2 An Overview of Anorexia Nervosa, Bulimia Nervosa, and
Eating Disorder Not Otherwise Specified
Anorexia NervosaThe core psychopathology of anorexia nervosa (AN) is the exaggerated value, anddistorted perception of one’s own body shape and weight; which not only leads toan obsessive drive for thinness, but also leads to a non-acceptance or denial ofone’s own dangerously low weight. Many develop a habit of exercising excessively.Individuals with AN may also employ purging behaviours such as vomiting, orexcessive use of laxatives and/or diuretics, to keep their weight low. For some, anoccasional “loss of control” over fasting/restricting behaviours can lead to a binge,where a large quantity of food is consumed in a short period of time ("AmericanPsychiatric Association. Diagnostic and Statistical Manual of Mental Disorders,Fourth Edition, Text Revision (DSM-IV-TR)," 2000).
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Onset of AN is typically in mid to late adolescence (Attia, 2009); though age ofonset appears to be decreasing (Favaro, Caregaro, Tenconi, Bosello, &Santonastaso, 2009), and the recognition of cases with onset in childhood isincreasing for both girls and boys (Madden, Morris, Zurynski, Kohn, & Elliot, 2009).In their population based study, Hudson and colleagues found the mean age ofonset for AN to be 18.9 years old (Hudson, Hiripi, Pope, & Kessler, 2007); though arecent investigation of a large representative sample of adolescents in the UnitedStates reports a median age of onset for AN of 12.3 years old, earlier than previousestimates (Swanson, Crow, Le Grange, Swendsen, & Merikangas, 2011). Thisestimate can only be generalized to adolescent populations however. Early onsethas been associated with comparatively worse personality disturbance, higherbody dissatisfaction, and a fear of maturity (Abbate-Daga, et al., 2007); makingearly intervention strategies a priority.
Presentation of AN is often accompanied by other psychological symptoms such asdepression, anxiety, obsessionality, and compulsivity (Attia, 2009); however thesesymptoms have also been observed in non-ED patients with restricted calorieintake and substantial weight loss (Keys, Brozek, Henschel, Mickelsen, & Taylor,1950), making it possible that such symptoms are secondary to the disorder itself.In addition, research shows that patients who report additional psychologicalsymptoms prior to onset of AN often experience a worsening in their severityduring the illness, and an improvement with weight restoration (Meehan, Loeb,Roberto, & Attia, 2006). A high percentage of patients with AN also suffer fromcomorbid psychiatric disorders such as mood disorders, anxiety disorders,obsessive-compulsive disorder, and substance use disorders (Salbach-Andrae, etal., 2008); making diagnosis difficult and treatment challenging.
A diagnosis of AN according to the Diagnostic and Statistical Manual of MentalDisorders (fourth edition – revised; DSM-IV-TR) criteria requires: (i) Maintenanceof a body weight that is less than 85% of normal weight for that particular age andheight; (ii) Intense fear of fatness and gaining weight; (iii) disturbed experience ofone’s own body shape and/or denial of one’s own low weight; and (iv) amenorrheafor a minimum of three consecutive months. Accompanying behaviours may
21
include excessive exercise; vomiting; excessive use of laxatives, diuretics or otherweight suppressants; and episodes of bingeing. Individuals with AN can fall intoone of two sub-types according to these accompanying behaviours: those thatengage in bingeing and/or purging behaviours are considered have the binge-purge subtype of AN (AN-BP); while individuals who maintain their low weightmainly through food restriction are considered to have the restricting subtype ofAN (AN-R). Diagnostic categories are updated over time however, and it is worthnoting that proposals for the new DSM-V include the criterion regardingamenorrhea being removed, and criterion (i) being reviewed (Wilfley, Bishop,Wilson, & Agras, 2007).
Bulimia NervosaBulimia Nervosa (BN) is characterized by episodes of bingeing accompanied bycompensatory behaviours (such as vomiting or the misuse of laxatives), and anovervaluation of weight and shape. Due to this combination of bingeing and weightloss behaviours, individuals suffering from BN are generally at a normal weight.Onset of BN is typically reported to be later than AN. Mean age of onset in a largepopulation based study was found to be 19.7 years old (Hudson, Hiripi, Pope, et al.,2007); though research suggests that the age of onset may be decreasing (Favaro,et al., 2009). A recent study investigating a large representative population ofadolescents in the United States reported median age of onset to be 12.4 years old,though this finding can only be generalized to other adolescent populations(Swanson, et al., 2011). Individuals with BN often suffer from comorbid psychiatricdisorders such as anxiety disorders, mood disorders, and substance abusedisorders (e.g. Hudson, 2007; Keel, Mitchell, Miller, Davis, & Crow, 1999). Agenerally accepted characteristic of BN is increased impulsivity; and this can beseen in the variety of additional problems that are associated with BN such assexual promiscuity, excessive drinking, drug abuse, and shoplifting (e.g. Polivy &Herman, 2002).
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For a diagnosis of BN according to the DSM-IV-TR, the following criteria must bemet: (i) Recurrent episodes of bingeing in which individuals experience a lack ofcontrol over their own eating and consume large amounts of food in a short periodof time; (ii) The presence of compensatory behaviours such as purging (vomitingand/or excessive use of laxatives, diuretics, weight loss pills), fasting, or excessiveexercising; (iii) A self-evaluation that is overly dependent on one’s weight andshape; and (iv) Currently, episodes of bingeing and compensatory behaviours mustoccur at least twice a week for a minimum of three months. It is worth notinghowever that the new DSM-V criteria are likely to change the minimum frequencyto once a week (Wilfley, et al., 2007). Two subtypes of BN exist which reflect thedifferences in the compensatory behaviours that are employed. Individuals whopurge are diagnosed with the purging subtype of BN (BN-P); while individuals whouse fasting or excessive exercising are diagnosed with the non-purging subtype(BN-NP).
Eating Disorder Not Otherwise Specified/Atypical AN and BNWhile AN and BN are defined by specific criteria, Eating Disorder Not OtherwiseSpecified (EDNOS) is a broad and heterogeneous diagnosis which definespresentations of ED that are of clinical significance, but do not meet criteria for ANor BN. The range of possible criteria that can be met for a diagnosis of EDNOS hasled to this category becoming more commonly diagnosed than both AN and BN(e.g.Fairburn & Bohn, 2005a; Fairburn, et al., 2007). However, the heterogeneousnature of the EDNOS category has led to a paucity of research regardingindividuals with this diagnosis; and this in turn leads to a continued lack of clarityregarding the effectiveness of criteria for this diagnosis. A substantial subgroup ofindividuals in the EDNOS category will have previously met full criteria for AN orBN, or will do in the future (Milos, Spindler, Schnyder, & Fairburn, 2005), whichraises questions about the clinical utility of this diagnosis. Many of the proposedchanges to the upcoming DSM-V aim to reduce the number of cases in this “nototherwise specified” group. Binge Eating Disorder (BED) is likely to become aseparate diagnosis, while diagnostic criteria for AN and BN are to be relaxed asdescribed above. There has also been some discussion over the clinical utility ofcreating a separate diagnosis of Purging Disorder, to define individuals who purge
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in the absence of bingeing episodes (e.g. Binford & le Grange, 2005; Keel & Striegel-Moore, 2009); however it seems unlikely that a separate category for this sub-group will be in the DSM-V.
Currently the DSM-IV provides seven examples of possible situations in which adiagnosis of EDNOS is appropriate: (1) All criteria for AN are met, except foramenorrhea; (2) All criteria for AN are met, except that despite substantial weightloss the individuals current weight does not meet criteria of less than 85% ofexpected weight; (3) All criteria for BN are met, except that the frequency ofbingeing and compensatory behaviours is less than twice a week, or that durationis less than three months; (4) The individual regularly engages in inappropriatecompensatory behaviours after the consumption of a small or normal quantity offood (in the absence of a bingeing episode), often referred to as purging disorder;(5) The individual starves themselves but does not lose weight; (6) Repeatedchewing and spitting out of large quantities of food without swallowing; (7)Recurrent episodes of bingeing (at least twice a week for six months) in theabsence of compensatory behaviours, referred to as Binge Eating Disorder (BED).
1.3 Prevalence
Estimating the prevalence of ED in the general population is difficult. Due to therarity of the disorders, and the tendency of affected individuals to deny or concealtheir illness, community studies can be expensive and ineffective. Manyepidemiological studies use medical and psychiatric records to estimateprevalence; however resulting figures are likely to be an underestimate as not allindividuals with an ED will be diagnosed or treated. The lifetime prevalence(proportion of people who have had an ED at any point in their lifetime) of AN, BN,and EDNOS are briefly described below.
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Anorexia NervosaA diagnosis of AN requires the presence of amenorrhea for a minimum of threemonths. Due to the questionable nature of this diagnostic criteria, and proposedchanges for the DSM-V criteria, prevalence studies often investigate and report theprevalence of AN (fulfilling all criteria) and ‘broad AN’ (meeting all criteria exceptamenorrhea). Three recent studies have employed population based cohortstudies of twins and found prevalence of lifetime AN and broad AN to be 1.2% -2.2% and 2.4 % - 4.3% respectively (Bulik, et al., 2006; Keski-Rahkonen, et al.,2006; Wade, Bergin, Tiggemann, Bulik, & Fairburn, 2006); while two largepopulation studies in Europe and the United States found that the lifetimeprevalence of AN in adult women was 0.9% (Hudson, Hiripi, Pope, et al., 2007;Preti, et al., 2009). Another large study in the U.S. found that lifetime prevalence ofAN in female adolescents between 13 and 18 years of age was 0.3% (Swanson, etal., 2011), though this estimate can only be generalized to other adolescentpopulations.
The prevalence of AN in male samples has been less well investigated, thoughrecent evidence suggests that the previous female to male ratio of 10:1 (Hoek &van Hoeken, 2003), may underestimate the true number of cases in males (Smink,van Hoeken, & Hoek, 2012). In a Finnish cohort of twins prevalence of lifetime ANin men was found to be 0.24% (Raevuori, et al., 2009). In contrast, a study ofadolescents in the United States found prevalence of lifetime AN in adolescentmales to be 0.3%; the same as prevalence in adolescent females (Hudson, Hiripi,Pope Jr, & Kessler, 2007). It is thought that AN is more frequently detected infemales than in males (Striegel-Moore, Franko, & Ach, 2006), and that prevalenceof AN in males is higher than estimated (Smink, et al., 2012).
Bulimia NervosaRecent studies report lifetime prevalence of BN to be between 0.9% and 2.9%(Smink, et al., 2012; Swanson, et al., 2011; Wade, et al., 2006). Studies investigatingthe lifetime prevalence of BN when relaxing the symptom frequency to once aweek rather than twice a week, as has been proposed for the upcoming DSM-Vguidelines, provide estimates of 1.6% to 2.3% (Keski-Rahkonen, et al., 2009; Trace,
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et al., 2011). With regard to BN in males, a review by Smink and colleaguesreported lifetime prevalence of BN in adults to be between 0.1% and 0.5% inEurope and the United States (Smink, et al., 2012). Lifetime prevalence of BN inmale adolescents in the United States, between the ages of 13 and 18 years old, hasalso been reported to be 0.5% (Swanson, et al., 2011).
Eating Disorder Not Otherwise SpecifiedThe heterogeneous nature of the EDNOS category makes estimating prevalencedifficult, and many of the standard clinical interviews used for assessment do notcover all possible behavioural expressions of this diagnostic group (i.e. purgingdisorder). A study investigating prevalence of ED in a large sample of femalestudents between the ages of 12 and 23, found that prevalence of EDNOS was2.37%; in comparison to 0.39% for AN, and 0.30% for BN (Machado, Machado,Gonçalves, & Hoek, 2007). This finding supports literature suggesting that that themajority of individuals diagnosed with an ED are diagnosed with EDNOS ratherthan AN or BN (e.g. Fairburn & Bohn, 2005b; Fairburn, et al., 2007); a problem thatis being addressed in modifications to ED diagnostic criteria for the DSM-V.
Prevalence of BED specifically has been more extensively studied due to thecomparative clarity of diagnostic criterion and homogeneous presentation. In alarge population study of six European countries, lifetime prevalence was found tobe 1.9% for women, and 0.3% for men (Preti, 2009). A population study of adultsin the United States found higher prevalence: 3.5% in women and 2.0% in men;however the duration criteria used in this study was three months, as proposed fornew DSM-V guidelines, rather than the duration of six months that is required bythe DSM-IV (Hudson, Hiripi, Pope Jr, et al., 2007). A higher prevalence of BED wasalso found in a large Swedish sample of adult female twins when using proposedDSM-V criteria (0.35%), in comparison to DSM-IV criteria (0.17%)(Trace, et al.,2011).
Sub-threshold ED BehavioursIt is commonly accepted that ED symptoms are present for between 6 and 24months prior to clinical diagnosis (Lena, Fiocco, & Leyenaar, 2004). In a population
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sample of middle and high school students, 16.0% of girls and 15.4% of boysreported binge eating, self-induced vomiting, laxative use, and/or excessiveexercise, though none of them met the full diagnostic criteria for an ED (Ackard,Fulkerson, & Neumark-Sztainer, 2007). In addition, Hay and colleaguesinvestigated prevalence of ED behaviours using population surveys from SouthAustralia between 1995 and 2005; they reported a two-fold increase in theprevalence of bingeing, purging, and fasting in both males and females, indicatingan increase in the prevalence of ED behaviours (Hay, 2008). It could be arguedthat these clinically severe symptoms are more important than full diagnosis withregard to intervention. A recent longitudinal study that followed a communitysample of adolescent girls found that sub-threshold EDs were more prevalent thanthreshold EDs; and sub-threshold cases frequently progressed to full threshold(Stice, Marti, Shaw, & Jaconis, 2009). Another study found that 2.5% - 2.9% of girlswho met partial or asymptomatic diagnostic criteria went on to develop afull/partial ED over a three year follow-up (Taylor, et al., 2003).
1.4 Limitations of Diagnostic Criteria with Regard to Research
The diagnostic groups of AN, BN and EDNOS may not be effective for researchregarding nosology and etiology; or in the search for genetic biomarkers. Concernshave been raised regarding the definition of particular diagnostic terms, such as“refusal” and “weight phobia,” and the lack of empirical evidence for the use ofsuch criterion (Hebebrand, Casper, Treasure, & Schweiger, 2004). In addition, thephenotypic expression of BN is very similar to that of AN-BP; however, thecombination of bingeing and weight control behaviours means that individualssuffering from BN are generally at a normal weight. It has been suggested that thetwo diagnoses may only be distinguished by an ability to suppress weight to lessthat 85% of what would be expected (Polivy & Herman, 2002). Two particularconcerns regarding the use of ED diagnoses in research are: (i) the heterogeneityof patients diagnosed with EDNOS, which has been discussed above; and (ii) theinstability of specific ED diagnoses over time (i.e. cross over betweenAN/BN/EDNOS).
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A high percentage of patients migrate between ED types (AN, BN, EDNOS/Atypical)(e.g. Eddy, et al., 2008; Fairburn & Harrison, 2003; Milos, et al., 2005), raisingquestions about the distinctiveness of the different ED diagnoses and highlightingproblems with the validity of the DSM-IV classifications. Evidence suggests thatwhile cross-over from AN-R to AN-BP or BN is common, cross-over in the otherdirection is more rare (Eddy, et al., 2008; Milos, et al., 2005; Tenconi, Lunardi,Zanetti, Santonastaso, & Favaro, 2006); indicating a possible evidence baseddistinction between AN-R and other ED diagnoses.
As stated earlier, the majority of ED patients fall into the category of EDNOS (e.g.Nicholls, Chater, & Lask, 2000; Turner & Bryant-Waugh, 2004). Many of theseindividuals will have previously been diagnosed with AN or BN but no longer fulfillall criteria for these diagnoses (Milos, et al., 2005). It is questionable whether theseindividuals should be given the different diagnosis of EDNOS, or whether theirchange in symptoms should be considered part of the natural course of AN/BN. Arecent longitudinal study investigated the type of EDNOS presentations thatfollowed an initial diagnosis of AN or BN, and found that EDNOS presentationsresembled initial diagnosis at intake (Eddy, et al., 2010). Women with an intakediagnosis of AN-R were unlikely to develop symptoms of bingeing and purgingwhen diagnosed with EDNOS; while women with an initial diagnosis of AN-BP orBN developed presentations that were mainly characterized by bingeing andpurging. In addition, from a diagnosis of EDNOS women were just as likely toreturn to a full syndrome diagnosis (AN/BN) as they were to achieve recovery.Another important observation was that for women who no longer met criteria forAN-R or AN-BP it was generally due to an increase in weight. This study highlightsthe lack of distinction between ED diagnoses, and questions whether a steptowards recovery, or a slight change in weight or symptom frequency, shouldrequire reclassification into a different diagnosis.
The considerable overlap of features between the different ED diagnoses, and thefrequency of cross-over between these diagnoses, led Fairburn and Bohn topropose a “transdiagnostic” approach to ED classification (Fairburn & Bohn,
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2005a). The authors suggest that a category of “mixed eating disorders” isestablished, encompassing AN, BN and EDNOS. They argue the case that thesimilarities between these disorders are more important than the differences; andthat this approach would highlight the differences between the common traits ofED and traits associated with other psychiatric disorders, emphasizing the peculiarnature of the disorder. Though this approach has clear advantages, it may proveproblematic with regard to research. The heterogeneity of existing ED diagnoses isalready proving to be problematic when investigating the etiology and nosology ofthe disorders, and one overall group of ED may only make these investigationsmore difficult.
1.5 The Evidence Based Classification of ED Sub-groups
There have been several studies attempting to empirically define ED phenotypesusing latent class analysis, one of which revealed four distinct groups: (i) a groupthat resembled restricting AN; (ii) a group of individuals diagnosed with either ANor BN that employed multiple methods of purging; (iii) a group diagnosed with ANthat did not exhibit obsessive-compulsive features; and (iv) a group diagnosedwith BN that only used vomiting to purge (Keel, et al., 2004). More recently,Mazzeo and colleagues also highlighted the importance of classifying ED at thesymptom level (Mazzeo, et al., 2009). In their twin study investigating specific BNsymptoms they found that while vomiting was very strongly influenced by additivegenetic factors, other symptoms such as over concern with weight and shape wereless heritable.
As has been highlighted above, ED diagnoses are not stable over the course ofillness and cross-over between different diagnostic categories is common. Despitethe fact that this cross-over is driven by fluctuations in symptoms and weight,there has only been one study investigating the course and trajectory of specific EDsymptoms/behaviours over time (Lavender, et al., 2011). Lavender and colleagueswere the first to conduct a large prospective study following the longitudinaltrajectory of specific ED behaviours (Lavender, et al., 2011). Their results showed
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that most individuals, who followed a trajectory of “persistently low weight”, alsofollowed trajectories of “non-binge eating” and “non-purging”; resembling thesyndrome of AN-R. They also found that women who followed a trajectory of“fluctuating weight” also followed trajectories of decreasing or persistent bingeeating and purging. The authors suggest that this pattern is characteristic of thoseindividuals who frequently move between a diagnosis of AN-BP, BN, and possibleeven AN-R; highlighting the lack of distinction between these ED diagnoses.
Anderluh and colleagues have previously suggested that a solution to theinstability of ED diagnosis could be to classify individuals according to lifetime EDsymptoms (Anderluh, Tchanturia, Rabe-Hesketh, Collier, & Treasure, 2009). Theyinvestigated this possibility and found that the four most common lifetimediagnostic categories, based on retrospective reporting, were: (i) Restrictingsubtype (no bingeing or purging present); (ii) Purging subtype (vomiting or otherpurging behaviours present); (iii) Binge/Purge subtype (bingeing and purgingbehaviours present; and (iv) Bingeing subtype (bingeing present without purging).They also found that: a longer duration of underweight status; longer episodes ofsevere restriction; episodes of excessive exercising; and shorter durations ofbingeing; were associated with perfectionism and rigidity.
The most recent version of cognitive behavioural therapy was designed to beadapted for specific sets of symptoms (Fairburn, Cooper, & Shafran, 2003).Investigation into the trajectory and associated characteristics of specific EDsymptoms could inform such treatment programs in the future. Identifyingpredictors of symptom trajectories could also improve knowledge of the etiologyof ED, and help clarify the boundaries between ED diagnoses and subtypes; as wellas inform the development of interventions that may encourage movement todecreasing symptomatology(Lavender, et al., 2011).
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1.6 Interim Conclusion
For the studies in this thesis, two different methods have been used to define highrisk status in children: (i) maternal self-report diagnosis of an ED and (ii) maternalED behaviours over lifetime. Research into the neuropsychological functioning ofED subjects generally attempts to associate neuropsychological differences withparticular ED diagnoses (i.e. AN/BN). For several reasons, the use of a lifetimebehavioural phenotype may be more effective. Grouping subjects with an EDaccording to the ED behaviours/symptoms that they have exhibited over thecourse of their life would: (i) deal with limitations inherent in using current EDclassification due to the instability of diagnoses; and (ii) circumvent limitationsassociated with the heterogeneity of the EDNOS category. In addition, it has beenrepeatedly suggested that a quantitative trait approach to psychiatric illness maybe more relevant than current diagnostic categorization, particularly with respectto ED research (e.g. Treasure, 2012; Zucker, et al., 2007). The National Institute ofMental Health (NIMH) has recently adopted this view, announcing a strategic planto re-classify pathology based on observable behaviour and neurobiologicalmeasures for the purposes of research. It has been suggested in this proposal thatthe limited clinical impact of recent research regarding mental health is due to newfindings only moderately mapping onto current diagnostic categories; and this isbecause current diagnostic criteria are based on subjective clinical observation andpatient symptom reports, rather than objective phenomenological and evidencebased differences (Insel, et al., 2010). Following on from this theoreticalperspective, it is possible that findings from research regarding theneuropsychological profile of ED individuals do not perfectly map onto diagnosticgroups due to the questionable nature of diagnostic criteria; and this could alsopartly explain conflicting evidence in the literature. It is likely that observablephenotypic features of ED (such as ED behaviours) will be more directly associatedwith differences in cognitive functioning.
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Chapter Two
The Neuropsychological Profile of Eating Disorders
2.1 Chapter Overview
As stated previously, this thesis investigates neuropsychological functioning andsocial cognition in children at high risk of developing an ED. This chapter providescontextual background and theoretical reasoning for this investigation: firstlydiscussing the benefits of neuropsychological research with regard to ED etiologyand treatment, paying particular consideration to how the high risk researchdesign can contribute to the field; and then exploring neuropsychological researchin relation to ED and ED phenotypes to date.
2.2 Investigating Neuropsychological Functioning and the
Potential of High Risk Research
Eating disorders (ED) have a complex etiology that is not yet fully understood,making intervention and treatment difficult. Despite its relatively low prevalence,EDs have one of the highest risks for premature death of all psychiatric disorders(e.g. Arcelus, Mitchell, Wales, & Nielsen, 2011; Birmingham, Su, Hlynsky, Goldner,& Gao, 2005; Harris & Barraclough, 1998), and research suggests between 5 and12% of patients will die per decade (Agras, 2001). Considering this, it is imperativethat research focuses on factors that may affect risk status for ED, with a view todeveloping effective prevention and intervention strategies. In recent years,research into the cognitive profile of individuals suffering from ED has increased.There has been some suggestion that the central nervous system plays a role in thedevelopment of these disorders (Lezak, Howieson, & Loring, 2004), and thatneurobiological factors could lead to increased risk (Nunn, Frampton, Gordon, &Lask, 2008). It is possible that particular cognitive styles may affect risk status fordisordered eating, and identification of these could lead to early and effectiveintervention. The overall aim of this thesis is to investigate whether the differences
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in neurocognitive functioning that have been observed in eating disordered groupsmight be present prior to onset of the disorder, so it is important to understandwhy an investigation of neurocognitive functioning in ED groups is essential, andto appreciate the significance of knowing whether differences observed arepresent prior to onset.
Neuropsychological research has made a valuable contribution to theunderstanding of psychiatric disorders by providing predictors of the course ofillness and indicating optimal methods of treatment (Keefe, 1995). Also,neuropsychological tests can improve understanding of the relationship betweencognitive impairments and clinical symptoms (Keefe, 1995). The complexity ofpsychiatric illness makes it difficult to conduct research on the basis of overtsymptoms. This is particularly pertinent in the field of eating disorders due to theheterogeneity in symptom presentation, instability of diagnosis, and the effects ofrestricted nutritional intake. Eating disorders are complex and there is still muchprogress to be made with regard to etiology and risk factors. Investigation into theneurocognitive profile of individuals with an ED can help provide a deeperunderstanding of observable symptoms, while also illuminating the pathwaybetween these observable symptoms and genetic vulnerability. In addition, theidentification of cognitive disturbance that is associated with presence of an EDhas already informed treatment design, and will continue to do so in the future.
Research into the cognitive profile of subjects with ED has revealed impairments inspecific executive functions, including attention (e.g. Dobson & Dozois, 2004;Faunce, 2002), cognitive flexibility (Roberts, Tchanturia, & Treasure, 2010;Tchanturia, et al., 2012), and inhibition (Galimberti, Martoni, Cavallini, Erzegovesi,& Bellodi, 2011; Rosval, et al., 2006; Southgate, 2005). There is also a great deal ofevidence to support the presence of visuo-spatial impairments and weak centralcoherence in ED groups (Cooper, 1987; Whyte, 2006). Moreover, a recent meta-analysis found that subjects with AN score higher than the normative populationon the National Adult Reading Test (NART) (Nelson, 1991), and the WechslerIntelligence Scales (Lopez, Stahl, & Tchanturia, 2010; Wechsler, 1990). There arehowever conflicting findings, with some studies finding no differences or improved
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executive functioning in ED samples (I. Gillberg, Rastam, Wentz, & Gillberg, 2007;Pieters, et al., 2003). Impaired social and interpersonal functioning has also beenobserved in ED groups(Oldershaw, et al., 2011); and there is growing evidence ofan overlap in phenotypic expression between AN and Autism Spectrum Disorder(ASD) (Treasure, 2012; Zucker, 2007).
It is possible that the neurocognitive differences observed in ED subjects arepresent prior to onset, and may contribute towards development of an ED. Theopposite; that cognitive impairment follows onset of an ED, cannot however beruled out. Deficits observed in clinical studies might be a secondary effect of otherfeatures of the disorder, such as low nutritional intake; while continuedimpairments observed in subjects who have recovered from an ED could be long-term effects or scars of the disorder. Having an understanding of which cognitivedeficits are present prior to onset, and which are secondary to the disorder, willfurther our understanding of which neuropsychological profiles are linked tosusceptibility for ED; and this can inform strategies for intervention.
There are currently four methods of inquiry that have been used to investigate theneurocognitive profile of ED individuals prior to onset of the disorder. The first isthe retrospective design which, though providing an important insight, is limitedby recall bias. The second is to investigate neuropsychological functioning inindividuals that have recovered from an ED. Again, this method is informative;however it does not rule out the possibility that differences observed were notpresent prior to onset, but are still present in recovery due to being scars of thedisorder. The third is to investigate sub-clinical populations high in EDsymptomatology or dieting behaviours, under the premise that dieters are athigher risk of developing an ED than those who do not diet (Gendall, Joyce,Sullivan, & Bulik, 1998; Jacobi, Hayward, de Zwaan, Kraemer, & Agras, 2004; Stice,Mazotti, Krebs, & Martin, 1998b). This provides some insight into cognitivefunctioning prior to clinical level ED symptoms; however changes in cognitivefunctioning could be associated with the onset of sub-clinical psychopathology.Finally, recent studies have investigated the neuropsychological functioning of firstdegree relatives of probands, and this is discussed in more detail below.
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2.2.1 Heritability and Genetic Liability
The basis for investigating neuropsychological functioning in the first degreerelatives of probands comes from evidence of a genetic liability for thedevelopment of an ED. Family studies have shown that both AN and BN are morecommon in relatives of probands than in the relatives of non-eating disorderedindividuals (Ben-Dor, Laufer, Apter, Frisch, & Weizman, 2002; Holland, Sicotte, &Treasure, 1988; Strober, Freeman, Lampert, Diamond, & Kaye, 2000); in fact,research suggests that there is a 7-12 fold increase in the prevalence of an ED inthe first degree relatives of probands in comparison to controls (Lilenfeld, et al.,1998; Strober, et al., 2000). Twin studies also provide evidence for the presence ofgenetic liability, reporting heritability estimates of 54% to 83% for AN and BN(Lear, Orit, & Apter, 2007). In a more recent twin study of BN, Mazzeo andcolleagues found that liability was significantly influenced by additive geneticfactors (Mazzeo, et al., 2009). Though they found that environmental factors alsohad a significant influence, it was to a much lesser degree. The results of this studyalso showed that vomiting in particular was more heritable than other BNsymptoms. Adoption studies are thought to circumvent many of the studylimitations associated with family and twin studies; and an adoption studyconducted by Klump and colleagues also found significant genetic influence on allED diagnoses (59-82%) (Klump, Suisman, Burt, McGue, & Iacono, 2009). Limitedresearch has been conducted on the children of ED probands; however femalechildren of women with an ED have been shown to be at increased risk of EDdisturbance (Byrne, 2003; Field, et al., 2008).
2.2.2 Intermediate Phenotypes
Evidence suggests that particular cognitive differences might be intermediatephenotypes of ED. Intermediate phenotypes, in the context of mental illness, areheritable traits that are on the pathway between genetic vulnerability and thedevelopment of a psychological disorder (Rasetti, 2011). For ED, where clinicalpresentation is complex and heterogeneous, the identification of intermediate
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phenotypes is particularly useful in the search for vulnerability genes. Therelationship between overt phenotype and genotype is a particularly complex onefor ED, whereas the relationship between intermediate phenotypes (i.e.neuropsychological functioning) and underlying genes may be a simpler one. It isvital to know whether differences in neuropsychological functioning areindependent of illness state for neuropsychological functioning to be considered apossible intermediate phenotype.
If the neuropsychological differences observed in probands are also present inunaffected first degree relatives at a higher rate than the general population, theycan be considered candidate intermediate phenotypes. Investigating theneurocognitive profile of individuals at high risk of developing an ED might be afruitful area of research; however risk factor studies ideally need to be conductedwith samples that are young enough not to have developed any eating concerns(Lee, et al., 2007).
2.2.3 The Use of the High Risk Design in Research Pertaining to
other Psychiatric Disorders
Like the first-degree relatives of ED probands, the first-degree relatives ofindividuals with schizophrenia, depression, and bipolar disorder are at higher riskof developing these disorders than the general population (Kendler, et al., 1993;Kieseppa, Partonen, Haukka, Kaprio, & Lonnqvist, 2004; Levinson, 2006;Lichtenstein, et al., 2009). As a result, research investigating children at high risk ofdeveloping these disorders is extensive. Evidence indicates that the deficits inneuropsychological functioning and emotion recognition that are observed inprobands are also observed in children at high risk of developing schizophrenia(Amminger, et al., 2011; Cornblatt & Erlenmeyer-Kimling, 1985; Davalos, 2004;Eack, 2010; Erlenmeyer-Kimling & Cornblatt, 1987; 2008; Rutschmann, Cornblatt,& Erlenmeyer-Kimling, 1977); depression (Mannie, 2007; Monk, et al., 2008); andbipolar disorder (Brotman, et al., 2008; Melissa, et al., 2008); and the high riskresearch design has been shown to be an effective way of identifying intermediate
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phenotypes for these disorders. Research pertaining to the heritability of ED(discussed above) and associated neuropsychological deficits (discussed below) isnow at a point where use of the high risk research design could contribute to thesearch for intermediate phenotypes for these disorders.
2.3 Neuropsychological Functioning and Social Cognition in
Individuals with an Eating Disorder
Following is an outline of research investigating the potential association betweendiagnosis of an ED and differential neuropsychological and social processing. Theevidence discussed is specifically relevant to the cognitive constructs explored inhigh risk children for this thesis, and particular consideration is given to researchthat investigates whether differences are independent of illness state. Alsodiscussed is the (often conflicting) evidence that neuropsychological differencesare associated with particular ED diagnoses and subtypes; considering the possibleadvantages of using a lifetime ED behavioural phenotype, rather than EDdiagnoses, in neuropsychological research.
2.3.1 Intelligence & Global Cognition
Clinicians have frequently suggested that individuals with AN show increasedintelligence in comparison to the general population, and that this contributes tothe manipulation and planning that allows the disorder to go undetected for a longperiod of time (Lopez, et al., 2010). The Wechsler Intelligence Scales and itssubtests assess overall IQ and elements of cognitive functioning, and havefrequently been used to investigate cognition in ED groups. The following sectionof this chapter gives a brief overview of the relevant research pertaining tointelligence and global cognition in relation to ED; mainly focusing on studies thathave employed the Wechsler Intelligence Scales, as this was the measure used inthe present research.
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2.3.1.1 Intelligence
A recent meta-analysis found that AN groups have higher full scale IQ than thegeneral population, scoring on average 5.9 points (95% CI: 7.9, 13.6) above theaverage IQ of the normative population (Lopez, et al., 2010). Unfortunately, themajority of studies that use the Wechsler Intelligence Scales only report Full ScaleIQ; rather than reporting the results from individual subtests, or verbal andperformance summary scores. Stedal and colleagues have found however that ANpatients show superior verbal and non-verbal performance, scoring significantlyhigher than the normative mean on the Vocabulary and Matrix reasoning subtestsof the Wechsler Adult Intelligence Scale (WAIS) (Stedal, Rose, Frampton, Landrø, &Lask, 2012).
In contrast to the increased IQ reported by Lopez and colleagues; a studycomparing a community based sample of AN adolescents and a community basedadolescent comparison group found no differences in Full scale IQ as assessed bythe Wechsler Adult Intelligence Scale-Revised (WAIS-R). The AN group didperform significantly worse on the Object Assembly sub-test however; which isreflective of perceptual difficulties, figure-ground deficits, and poor visual memoryor visual motor coordination (I. Gillberg, Gillberg, Råstam, & Johansson, 1996).When tested again at 24 years of age, it was found that the AN group still exhibitedsignificantly poorer performance on the Object Assembly subtest, and alsosignificantly lower full-scale IQ (I. Gillberg, et al., 2007). It is possible that thefindings of Gillberg and colleagues contrast with the results of the previouslymentioned meta-analysis (Lopez, et al., 2010) because they were investigating acommunity sample rather than clinical samples. The selective nature of clinicalsamples used in other studies means that findings can only be generalized to ANpatients who seek and receive treatment in secondary and tertiary care.
With regard to BN patients, Galderisi and colleagues found no differences in fullscale, verbal or performance IQ in comparison to healthy controls(Galderisi, 2010);however more investigation is needed regarding IQ/intellectual functioning in BNgroups.
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Studies comparing ED patients with psychiatric controls also find evidence ofsuperior intellectual functioning. An early study found that AN patients scoredhigher than psychiatric controls on verbal and academic measures, but scoredlower in measures of spatial reasoning (Maxwell, Tucker, & Townes, 1984). Thesefindings are limited however due to the use of a very small AN sample. Blanz andcolleagues compared the intellectual functioning of a large sample of ED patients,to patients with other disorders that were matched on age, sex, socio-economicstatus, and year of admission; and results showed that ED patients hadsignificantly higher IQ (Blanz, Detzner, Lay, Rose, & Schmidt, 1997).
One study compared the IQ of patients meeting full DSM-IV or ICD-10 criteria forAN with patients who met criteria pertaining to the essential psychopathology andself-starvation of AN, but did not meet the criteria of amenorrhea or weight lossbelow 85% and were therefore defined as EDNOS or atypical (Watson, 2003).Though groups showed few significant differences in illness history, treatmentresponse, psychopathology, or bone density, differences were observed inintellectual functioning. For those patients of the age to complete the WISC,patients fulfilling all diagnostic criteria for AN trended towards significantly higherscores than EDNOS/Atypical patients on full scale IQ (7.2 points higher); verbal IQ(6.9 points higher); and performance IQ (5.1 points higher). For those AN patientsthat were old enough to complete the WAIS, patients fulfilling all criteria for ANperformed significantly better than EDNOS/Atypical patients on full scale IQ (4.6points higher) and verbal IQ (6.9 points higher); and also trended towardssignificantly higher scores on performance IQ (2.4 points higher). This studyhighlights the importance of considering the phenotypic differences with EDdiagnoses.
39
2.3.1.2 Visio-spatial Functioning
With regard to the investigation of intelligence and global cognition in this thesis, aparticular interest is taken in visuo-spatial functioning. This is due to the extensiveevidence of visuo-spatial impairment that has been found in ED groups using avariety of tasks (e.g. Cooper, 1987; Fowler, et al., 2006; Maxell, Tucker, & Townes,1984; Stedal, Frampton, Landro, & Lask, 2011; Stedal, et al., 2012; Tenconi, et al.,2010; Whyte, 2006). A number of performance subtests in the WechslerIntelligence Scales examine visuo-spatial functioning: the Coding and PictureCompletion Subtests rely on visual memory; and the Block Design and ObjectAssembly subtests are reliant on good visual motor coordination, perceptualorganization, and visual integration. As mentioned above, Gillberg and colleagueshave observed significantly lower object assembly scores in a community sampleof AN individuals when compared with a community sample of controls (I. Gillberg,et al., 1996). AN patients have also been found to score significantly lower thancontrols on the Picture Completion subtest (Kingston, Szmuckler, Andrews, Tress,& Desmond, 1996). Various versions of the Block Design task have been employed,with impaired performance being found in AN groups (Andres-Perpina, et al.,2011; Kingston, et al., 1996). However, there is also evidence of no differences inthe performance of AN patients and healthy controls (Castro-Fornieles, et al., 2007;Mathias & Kent, 1998; Murphy, Nutzinger, Paul, & Leplow, 2002); and BN patientsand healthy controls (Lopez, Tchanturia, Stahl, & Treasure, 2008).
One particular study of interest investigated visuo-spatial functioning in ANpatients who were acute, weight restored, and recovered; unaffected sisters of ANpatients; and healthy controls (Tenconi, et al., 2010). AN patients exhibited poorerperformance than healthy controls on both the Block Design and Object Assemblytasks, and also the Overlapping Figures test which assesses visual interference andspatial exploration. No significant differences in task performance were observedbetween any of the three AN groups, which provides evidence for the relationshipbetween AN and visuo-spatial impairment being independent of illness state. Inaddition, it was found that the unaffected sisters of AN patients showed poorerperformance than healthy controls on all three tasks; with their performance being
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at an intermediate level between AN patients and healthy controls. These findingsimplicate impaired visuo-spatial abilities as a putative intermediate phenotype ofAN.
2.3.1.3 Interim Conclusions
The majority of research investigating intelligence and global cognition in EDgroups has focused on patients with AN, however patients have not beendifferentiated according to their restricting/binge-purge subtypes. It is possiblethat the contradictory findings regarding intelligence in AN groups are due to theheterogeneity of samples with regard to diagnosis and clinical severity. As statedabove, Gillberg and colleagues employed a community sample of AN adolescents,rather than a clinical sample, and found no differences in comparison to controls(I.Gillberg, et al., 1996). This may suggest that high IQ is associated with a severeform of AN; and the findings of Watson and colleagues, who observed higher IQ inAN patients with amenorrhea (indicating increased severity) in comparison to AN-type patients without (Watson, 2003), could be taken as support for thishypothesis.
2.3.2 Executive Functioning
Despite being a construct that is frequently discussed and readily researched, theconcept of executive functioning, also known as executive or cognitive control(Davidson, Amso, Anderson, & Diamond, 2006; Funahashi, 2001), has no formaldefinition. Most agree however that executive functions are required for flexible,goal directed behaviour which is responsive to a changing environment, andtherefore vital for adaptive human behaviour (e.g. Anderson, 2001; Elliott, 2003;Funahashi, 2001; Jurado & Rosselli, 2007). Executive functioning, which is thoughtto have an impact on all aspects of behaviour, can be distinguished from generalcognitive abilities which are considered to be domain specific (Lezak, et al., 2004).It is commonly suggested that Working Memory (WM), Attention, Inhibition andCognitive Flexibility are the principle components of executive functioning (e.g. P.
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Anderson, 2002; Davidson, et al., 2006; Elliott, 2003; Funahashi, 2001; Jurado &Rosselli, 2007; Miyake, et al., 2000); and that these skills, which are mainlymediated by the prefrontal cortex (e.g. Funahashi, 2001; Jurado & Rosselli, 2007; P.Ohrmann, et al., 2004), work together to enable, guide and control thought,emotion and behaviour. The difficulty in measuring these constructs individuallywithin the system of executive functioning is that they all overlap and workinteractively. Many tasks measuring attention can also be conceptualized asmeasuring working memory; and are referred to in the literature as workingmemory tests as well as tests of executive attention. Also, inhibition can bemeasured using tasks which are thought to be reflective of motoric inhibition, andtasks that are thought to reflect attentional control or cognitive inhibition.Furthermore, many of the tasks measuring working memory, attention andinhibition rely on some level of cognitive flexibility. The truth is that the majorityof tasks measuring executive functioning rely upon more than one aspect of theconstruct.
Research exploring the executive functioning of ED subjects has not always beenconsistent (e.g. Andres-Perpina, et al., 2011; Palazidou, Robinson, & Lishman,1990; Zakzanis, Campbell, & Polsinelli, 2010). It is unknown however, whether thisis due to a true lack of evidence for the existence of executive impairments, orwhether these inconsistencies in the evidence highlight inconsistencies betweenresearch measures, and the interactive nature of the executive functioning system.Below is a discussion of the evidence regarding the constructs of working memory,attention and inhibition, which are explored in this thesis.
2.3.2.1 Working Memory
Working memory (WM) refers to a set of storage and executive control processesthat enable information to be held temporarily in mind and manipulated, whilesuppressing irrelevant information that may cause interference (Baddeley, 2007;Cowan, 1995; Shallice, 1988). Though one early study found evidence of WMdeficits in AN patients, both in the acute phase of illness and after weight
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restoration (Green, Elliman, Wakeling, & Rogers, 1996a); findings from this earlystudy cannot be generalized due to the very small, clinical sample employed.Recent research consistently provides evidence to suggest that ED patients showcomparable WM capacity to healthy controls, both in the acute phase of illness andafter weight restoration/recovery (Bosanac, et al., 2007; Nikendei, et al., 2011).There is also some evidence to suggest that patients with AN exhibit superiorworking memory performance in comparison to healthy controls. In one studysuperior working memory was observed in underweight adolescent femalespresenting with their first episode of AN (Hatch, et al., 2010); and Hatch andcolleagues found that after weight restoration working memory improved in theAN group relative to their performance prior to weight gain.
More recently, researchers have investigated the influence of food, weight, andshape cognitions on working memory performance. Kemps and colleaguesinvestigated working memory deficits using the double span memory task, andfound that AN patients showed impaired performance in comparison to healthycontrols. As part of the study however, participants completed a self-reportmeasure assessing pre-occupying cognitions about food, weight and body shape.AN patients reported significantly more pre-occupying cognitions than healthycontrols, and when this was controlled for differences between groups becamenon-significant (2006). Extending this result, two studies found that healthycontrols made more errors on the N-back task (Gevins & Cutillo, 1993) than femalepatients with restricting AN; but this superior performance by AN groups wascompromised by the subliminal presentation of food stimuli, and on these trialspatient’s performance was comparable to controls (Brooks, et al., 2012; Dickson, etal., 2008). The authors speculate that individuals with AN continuously use theirworking memory system to suppress their appetite on a daily basis. This maymake their working memory system excessively proficient, to a point that it iscounterproductive i.e. through excessive rumination, inflexible thought, orattention to detail. This study is limited by its very small sample size however.
A review by Van den Eynde and colleagues highlights the paucity ofneuropsychological research pertaining to BN and EDNOS sub-groups. The few
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studies that have investigated working memory in bulimic groups have found noimpairments on a range of tasks (Bosanac, et al., 2007; Brand, Franke-Sievert,Jacoby, Markowitsch, & Tuschen-Caffier, 2007; Galderisi, 2010; Lauer, Gorzewski,Gerlinghoff, Backmund, & Zihl, 1999); more research is required however.
Interim ConclusionsIt is clear from the small number of studies investigating working memoryperformance in ED groups that further research is required. Studies to date sufferfrom having very small samples. In addition, a wide range of different tasks havebeen used, making comparisons between studies difficult. Despite this, theevidence points towards AN groups having a working memory capacity that iseither comparable, or possibly even superior to healthy controls. If it is the casethat presence of an ED is associated with superior working memory it would beinteresting to know whether this is present prior to onset, or whether superiorperformance is a result of a constant use of the system to inhibit appetitive drivesas Brooks and colleagues suggest (Brooks, et al., 2012).
2.3.2.2 Attention
The act of attending to any stimulus varies as a result of that which requiresattention and the surrounding environment in which an individual is required toattend: i.e. whether one is required to attend to more than one stimulussimultaneously; whether it is necessary to switch between different stimuli; orwhether attending to a stimulus also necessitates the inhibition of other distractingor pre-potent stimuli. As a result, attention cannot be regarded as a singleconstruct (Manly, et al., 2001).
In the field of ED, a wide variety of tasks have been used to measure different kindsof attention, making it difficult to compare findings. In addition, the majority ofstudies use small clinical samples limiting the power of the investigations; andmaking findings specific to treatment seeking ED populations. The following
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section of this thesis outlines recent research pertaining to the attentionalcapacities of ED groups according to the specific attentional construct beingmeasured.
Attentional ControlAttentional control, also referred to as cognitive inhibition, reflects an individual’sability to inhibit pre-potent, irrelevant or distracting stimuli while performing aspecific task. The majority of research investigating attentional control within EDgroups uses the Stroop task (Stroop, 1935), which requires the inhibition of a well-learned pre-potent response. A great deal of research has been conducted usingthe original word-colour version of the Stroop, and also a modified version of theStroop which uses disease salient stimuli. The conclusions from a review of Stroopperformance were that while the attentional bias seen in BN groups extends to arange of different stimuli, attentional bias within AN groups appears to be specificto body and weight stimuli (Dobson & Dozois, 2004).
The implied association between BN and impaired attentional control was furtherexplored in a study which investigated whether the level of bulimicsymptomatology was associated with performance on the emotional Stroop task (J.M. G. Williams, Mathews, & MacLeod, 1996). A comparison was made betweenhealthy controls, women with sub-clinical BN type symptoms, and womendiagnosed with BN (Lokken, Marx, & Ferraro, 2006). Results showed that the levelof BN symptomatology was the best predictor of task performance, with anincrease in severity being associated with poorer performance. The associationbetween attentional control and BN type symptomatology was also investigated ina recent study which compared Stroop performance of ED patients who bingedand purged with patients who restricted. Claes and colleagues found that bingeingand purging patients took longer to complete the original Stroop, and they mademore errors (Claes, Mitchell, & Vandereycken, 2011). Unfortunately this study didnot employ a healthy control group for comparison.
Kemps and Wilsdon recently explored the association between impairedattentional control and impulsivity in BN subjects. They assessed the performance
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of female patients with BN on the Stroop task, and other attentional tasks thatrequire the inhibition of pre-potent responses. BN patients exhibited significantlypoorer performance on all measures when compared with healthy controls(Kemps & Wilsdon, 2010). As part of the study participants also completed a self-report measure of impulsivity, and BN patients were found to be more impulsivethan healthy controls. Interestingly, the researchers found that controlling forimpulsivity reduced group differences to non-significance for both the Stroopcolour naming task, and the excluded letter fluency task. The authors propose thattheir findings provide support for the notion that the cognitive disinhibition/lackof attentional control that is characteristic of BN patients is reflective of animpulsive nature (Lena, et al., 2004).
Attentional control has also been investigated in sub-clinical groups high in EDcognitions and dieting behaviours. Findings indicate an association between poorperformance on a modified Stroop task and ED cognitions (Pringle, Harmer, &Cooper, 2010); episodes of overeating; and shape and weight concerns (Aspen, etal., 2011); suggesting deficits in attentional control exist prior to clinical level EDand may therefore be present prior to onset.
Selective AttentionSelective attention, often referred to as information processing, refers to anindividual’s ability to selectively attend to relevant stimuli. Using the d2Brickenkamp Letter Cancellation Task (LCT) (Brickenkamp & Zillmer, 1998),Brand and colleagues found no differences in selective attention between BNpatients and healthy controls (Brand, et al., 2007); however findings from thisstudy are limited by the small sample employed which may not have providedsufficient power to pick up subtle differences. A more recent study by Van denEynde and colleagues, using the same task, found that both BN patients, andpatients with the BN type EDNOS, performed more poorly than healthy controls(Van den Eynde, Samarawickrema, et al., 2011). Impaired selectiveattention/information processing has also been observed in AN patients (Fowler,et al., 2006). Research investigating selective attention in recovered ED patients islimited; however an early study found that though AN and BN groups showed
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impaired selective attention during the acute phase of illness, both groups showedpronounced and significant improvements after seven months of therapy (Lauer,et al., 1999). This suggests that impaired selective attention may be statedependent, and therefore not present prior to onset of an ED.
Divided AttentionDivided attention refers to an individual’s ability to attend to more than one tasksimultaneously. Poor performance on tests of divided attention have beenobserved in both AN (Ohrmann, et al., 2004) and BN (Lauer, et al., 1999) patients.Research investigating divided attention within recovered ED groups is sparse;however, Lauer and colleagues did find that the deficits in divided attention thatwere observed in AN and BN groups were much improved after seven months oftherapy (Lauer, et al., 1999). This suggests deficits in divided attention may be asecondary effect of an ED, rather than being present prior to onset.
Sustained AttentionSustained attention refers to an individual’s ability to keep attention focused onstimuli for an extended period of time. In a systematic review of neurocognition inbulimic groups, the authors concluded that findings pertaining to sustainedattention in BN groups were mixed (Van den Eynde, Guillaume, et al., 2011). Withregard to AN, Seed and colleagues found that patients were severely impaired on avigilance task measuring sustained attention, when compared with healthycontrols (Seed, Dixon, McCluskey, & Young, 2000); however this finding is limitedby the small sample sizes of both participant and healthy control groups. Researchinvestigating sustained attention in recovered groups is limited, however Hatchand colleagues found that after weight gain, the performance of AN patients wassuperior to that of healthy controls (Hatch, et al., 2010) which suggests that thedeficits observed are state dependent, rather than being present prior to onset.
Allocation of Attentional ProcessingBosanac and colleagues found that in comparison to healthy controls, underweightAN and BN patients exhibited low ‘Power of Attention’ scores on the CognitiveDrug Research Battery (CDR) (Simpson, Surmon, Wesnes, & Wilcock, 1991).
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‘Power of Attention’ is a measure of allocation of attentional processing to aparticular task (Bosanac, et al., 2007). Further investigation of this construct isrequired however as evidence is limited.
Switching of AttentionA meta-analysis performed by Stedal and colleagues showed that patients with ANperform significantly worse than controls on the Trail Making Test (Reitan, 1992;Stedal, et al., 2011), showing an impaired ability to switch attention. This samegroup also found subtle impairments in attention switching in their own sample of155 patients with AN using the Trail Making Test (Stedal, et al., 2012); thoughpatient data was compared to normative data for comparison, rather thanemploying a healthy control group. In a study comparing ED patients whorestricted with patients who binged and purged, Claes and colleagues found thatbingeing and purging patients took longer to complete the Trail Making Test(Claes, et al., 2011). Unfortunately this study also did not employ a healthy controlgroup for comparison. With regard to performance in recovery, Hatch andcolleagues found that AN patients performance was superior to that of healthycontrols after weight gain (Hatch, et al., 2010), which suggests that the deficitsobserved are not independent of illness state.
Interim ConclusionsWhile the majority of research points towards the existence of some attentionalimpairment in ED individuals, it is unclear whether these impairments are traitsassociated with risk of developing the disorder or are caused by it. Researchinvestigating the attentional capacities of weight restored and recovered groupssuggests that performance improves (Hatch, et al., 2010; Lauer, et al., 1999);however this type of research is limited due to the small number of studies and thelack of research regarding the majority of attentional constructs. To date, noresearch has been conducted investigating the attentional capacities of first degreerelatives of probands. In addition, a more systematic approach is required in theinvestigation of attentional capacity which uses a variety of measures assessingdifferent attentional constructs.
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Despite the indication of ED being associated with some level of attentionalimpairment, it is important to acknowledge the mixed findings in the literature.The limited research investigating the relationship between attentional capacityand the specific restricting and binge-purge subtypes of AN and BN have producedinteresting results. As outlined above, research points towards an associationbetween bingeing and purging behaviours and poorer performance in tasksassessing attentional control and switching of attention (Claes, et al., 2011). Inaddition, both BN patients and BN type EDNOS patients exhibit similar deficits inselective attention (Van den Eynde, Samarawickrema, et al., 2011). More researchis required, but it is possible that particular impairments in attention arespecifically associated with bingeing and/or purging behaviours, rather than adiagnosis of AN or BN; and this may provide a partial explanation for contradictoryfindings in the literature.
2.3.2.3 Behavioural Inhibition
Inhibition has long been considered critical for efficient executive functioning dueto its role in suppressing and controlling actions and thoughts that are, or havebecome inappropriate due to changes in the environment; enabling flexible andgoal directed behaviour (e.g. Funahashi, 2001; Verbruggen & Logan, 2008). It hasbeen suggested that an inability to inhibit counterproductive thoughts, feelings oractions could be key to the development of AN (Oberndorfer, Kaye, Simmons,Strigo, & Matthews, 2011). However, a lack of inhibition is generally associatedwith bulimic individuals, or anorexic individuals who engage in bingeing behaviour(AN-BP), because of the “loss of control” criteria that is necessary for diagnosis of abinge (Lock, Garrett, Beenhakker, & Reiss, 2011).
Previous research investigating inhibition in restricting and eating disorderedgroups has produced inconsistent findings. As Waxman reports in her review,studies using behavioural measures of inhibitory control are evenly divided,making it difficult to draw any conclusions (Waxman, 2009). One possible reasonfor this is the use of different neuropsychological tasks to assess this construct. In
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addition, the different tasks may also measure different elements of the constructof inhibition. It has been suggested, for example, that performance on twobehavioural measures commonly used to assess motor inhibition in ED groups: thestop-signal task (Logan, 1994), and the Go/No-Go task (Mesulam, 1985); are notcomparable as they are measuring distinct facets of inhibition (Meule, Lukito,Vögele, & Kübler, 2011). Both tasks require the inhibition of pre-potent responses;however the act of inhibiting is required at different points. In the stop-signal task,the cue to act is given in every trial, and in a minority of trials it is followed by acue to inhibit that action. In this way, the stop-signal task is assessing anindividual’s ability to inhibit a behavioural response that has already beeninitiated. In contrast, for the Go/No-go task the decision to respond (or not) ismade at the beginning of every trial, therefore inhibitory control is applied prior tothe action/response being initiated. It is possible therefore that performance inone of these tasks will differ from the other due to differences in what specificallyis being measured, rather than differences in methodology or samplecharacteristics. The following section of this thesis outlines recent research in thisarea, focusing on results from studies using these two behavioural measures.
Stop-signal TaskThe limited research investigating performance of ED patients on the Stop-Signaltask provides mixed findings. An early study using the Stop-signal task to assessinhibitory control across ED subtypes (AN-R, AN-BP, and BN) found no differencesin performance in comparison to healthy controls, though it is important to notethat sample sizes in this study were very small (Claes, Nederkoorn, Vandereycken,Guerrieri, & Vertommen, 2006). More recently, Boisseau and colleagues also foundno differences in Stop-signal task performance between ED patients and healthycontrols, though in this study ED patients were not divided into their sub-typesand once again sample sizes were small (Boisseau, et al., 2012). In contrast to thefindings from these two studies, Galimberti and colleagues recently found that ANpatients performed more poorly than healthy controls on the Stop-signal Task, butno differences were observed between BN patients and healthy controls(Galimberti, et al., 2011). It is possible that studies finding no significantdifferences in Stop-signal performance between ED patients and healthy controls
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do not have the required power to detect subtle differences; however moreresearch is required to investigate this further.
Go/No-go TaskThough different variations of the Go/No-go task have been used to assessinhibitory control in ED groups, they all rely on inhibition of a pre-potentbehavioural response prior to initiation of that response. In other words, this taskdoes not require participants to stop an action that they have already started;rather it requires participants to not respond in the way that they are used toresponding. It is important to note however that many versions of the Go/No-gotask use reward/punishment in the form of monetary gains and losses; meaningperformance could be associated with differential responses to reward or threatstimuli rather than being specific to response inhibition.
In a study comparing Go/No-go task performance across ED subtypes, Rosval andcolleagues found that patients with AN-BP and BN performed more poorly thanpatients with AN-R and healthy controls; though this difference was onlysignificant for the AN-BP group (Rosval, et al., 2006). In addition, these differenceswere only observed in the punishment condition of the task. Though this conditionis thought to be most sensitive to problems with response inhibition, it isimportant to consider the possibility that this finding is also associated withresponse to threat cues. In contrast to these results, Van den Eynde and colleaguesconducted a systematic review of neurocognition in bulimic type eating disordersand concluded that there was no evidence of BN patients exhibiting impairedperformance on the Go/No-go task (Van den Eynde, Guillaume, et al., 2011). Thesame team of researchers found no differences in Go/No-go task performance intheir own study comparing patients with BN or EDNOS-BN with healthy controls(Van den Eynde, Samarawickrema, et al., 2011). In an earlier study however, Bruceand colleagues used the Go/No-go task to investigate inhibitory control in BNpatients that either did or did not misuse laxatives (Bruce, Koerner, Steiger, &Young, 2003). Results showed that under cues of punishment, BN patients who didmisuse laxatives performed significantly worse than both healthy controls and BNpatients who did not misuse laxatives, while these last two groups performed
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comparably. As this difference in performance was only observed in response tocues of punishment, the authors suggest that BN patients who misuse laxativesmay be more disinhibited when faced with the possibility of an adverse event.
Hatch and colleagues have also found impaired Go/No-go performance inadolescent AN patients and observed that this group made significantly moreerrors than healthy controls (Hatch, et al., 2010). In one particularly interestingstudy, Brooks and colleagues investigated performance on the Go/No-go task withand without the additional subliminal presentation of aversive and food stimuli(Brooks, et al., 2012). They found that patients with AN made significantly moreerrors than healthy controls. However, while the presentation of both aversive andfood stimuli were associated with controls taking longer to correctly respond totargets, the performance of AN patients was not significantly affected by thesesubliminal presentations.
Recovered GroupsA study comparing neurocognition in first presentation adolescent AN patientsbefore and after weight gain, found that while patients made significantly moreerrors on the Go/No-go task than healthy controls when they were underweight,their performance not only improved but was superior to that of healthy controlsafter weight restoration (Hatch, et al., 2010).
Sub-clinical populationsNederkoorn, Eijs, & Jansen (2004), found decreased inhibition in restrained eatersusing the stop-signal task (Nederkoorn, Van Eijs, & Jansen, 2004). Research usingthe Go/No-Go task however has revealed superior behavioural inhibition inrestrained eaters (Meule, et al., 2011). As the authors of this study point out, thiscontradiction could indicate that restrained eaters show differing levels ofinhibitory control depending upon the situation. Meule et al. (2011) suggest thatthis can be seen in the everyday behaviour of restrained eaters who generallyshow superior control in being able to restrict food intake (much like responses onthe Go/No-go task), but once the decision to eat has been made they can find it
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difficult to inhibit this already activated behaviour (like the decreased inhibitionshown in performance of the stop-signal task).
Interim ConclusionAs can be seen, findings from studies investigating behavioural inhibition in EDpopulations have been varied and inconsistent. Though there is evidence of bothimpaired and enhanced inhibitory control from studies investigating sub-clinicalpopulations, the lack of research investigating behavioural inhibition in recoveredgroups and the first-degree relatives of probands makes it impossible to concludewhether disinhibition is a trait associated with ED. Research in this area is vital toinform the development of interventions in the future.
Research using the stop-signal task is limited and studies do not differentiatebetween AN and BN sub-types. Studies using the Go/No-Go task that differentiatebetween AN and BN subtypes are more common, however findings are mixed. Thepresence of bingeing behaviours and the use of laxatives have both been associatedwith impaired inhibitory control, above and beyond a diagnosis of AN or BN(Bruce, et al., 2003; Claes, et al., 2011). These findings suggest that an attempt tofurther investigate contradictory findings regarding inhibitory control in both ANand BN groups should differentiate patients by the ED behaviours they experience.
2.3.3 Social Cognition
Social cognition refers to the set of cognitive processes that enable an individual tounderstand, relate to, and communicate effectively with others. These processesinclude skills in a range of dimensions: such as understanding the thoughts andfeelings of others, (often referred to as emotional theory of mind); understandingsocially accepted conventions such as conversational turn taking; and basic skillssuch as the ability to maintain eye contact, or the ability to recognise emotion fromfaces. Problems with social and interpersonal functioning have long been reportedin eating disordered patients; and it has been suggested that interpersonaldifficulties are at the core of eating disorder psychopathology (Fairburn, 1991).
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Despite the evidence associating social and interpersonal difficulties with eatingdisorders, interpersonal psychotherapy (IPT) has demonstrated inferior outcomesin comparison to specialist supportive clinical management (McIntosh, et al., 2005;McIntosh, et al., 2006). An intervention or treatment in the social domain mayneed to address more basic social cognitive processes, prior to use of a more globalintervention such as IPT (Zucker, et al., 2007). The development of such anintervention would require knowledge of the cognitive and behavioural featuresthat characterize interpersonal processes in ED groups, for example emotionrecognition.
Interpersonal difficulties have also been found to effect treatment of an ED, withevidence of difficulties in forming a therapeutic alliance in AN groups (Vitousek,Watson, & Wilson, 1998); and high levels of social anxiety being associated withdisengagement from treatment (Goodwin, 2002). Overt differences in social andinterpersonal functioning may be associated with underlying deficits in socialcommunication and emotion recognition. As with differences in intellectual andexecutive functioning, it is possible that these differences are present prior toonset, perhaps affecting risk status for development of an ED. Research into groupswith other psychiatric illnesses such as schizophrenia have found that indices ofsocial cognition (i.e. social perception) mediate the relationship betweenneurocognitive impairment and overt functioning (Sergi, Rassovsky, Nuechterlein,& Green, 2006). It is possible that a similar relationship exists within ED groups.The following section of this thesis provides an overview of the relevant literaturepertaining to social and interpersonal functioning, and emotion recognition, inrelation to ED.
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2.3.3.1 Social Functioning and Interpersonal Difficulties in Eating
Disordered Groups
Women with ED have been shown to demonstrate significant impairments in arange of social domains (Zucker, 2007). A diagnosis of both AN and BN has beenassociated with impaired social relationships; with ED women reporting feelingmore nervous, less sociable and less calm in comparison to controls (Bohle, vonWietersheim, Wilke, & Feiereis, 1991). Research also suggests that eatingdisordered individuals show difficulties with both social communication, and theexpression of emotion (Leon, Lucas, Colligan, Ferdinande, & Kamp, 1985). A recentstudy showed that individuals with disorders of the binge/purge spectrum had adecreased ability to infer causality in interpersonal relationships, and were morelikely to attribute negative affect within those relationships when compared tohealthy individuals (Rothschild-Yakar, Eviatar, Shamia, & Gur, 2011). Thesedifferences also remained significant when controlling for depression, indicating adirect relationship between disordered eating and interpersonal difficulties.
Social and interpersonal difficulties in the family contextStudies investigating interpersonal functioning in the family context can provideevidence of social difficulties, however findings in the literature are inconsistent(e.g. Cook-Darzens, Doyen, Falissard, & Mouren, 2005; Whitney & Eisler, 2005).One consistency across studies however, is the discrepancy of reports amongfamily members regarding interpersonal functioning; and it has been suggestedthat this discordance may be representative of differences in social perception andthe way family members view social interactions (Zucker, 2007). Discordantreports of affective expression have been found between adolescents with AN andtheir mothers (Casper & Troiani, 2001). Findings from this study also showed thatadolescents with AN-BP and their mothers were significantly more likely to reportimpaired family functioning than AN-R patients or healthy controls; highlightingthe importance of comparing social functioning across ED subtypes. In anotherstudy, Cook-Darzens and colleagues interviewed all family members in 40 familiesthat included an adolescent with AN (Cook-Darzens, et al., 2005). They found thatperceptions of family functioning were significantly more discordant in families
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including an adolescent with AN, than in healthy control families; and that reportsof emotional closeness and conflict avoidance were inconsistent between familymembers of AN probands. Inconsistent reports regarding conflict avoidance werealso found by Karwautz and colleagues in their investigation of sister pairsdiscordant for AN (Karwautz, et al., 2003). Research has additionally beenconducted comparing interpersonal family functioning as perceived by familymembers and clinicians. Gowers and North (Gowers & North, 1999) found thatboth clinicians and patients were more critical of interpersonal functioning withinthe family context than parents; and improvements in the patients ED were notaccompanied by improvements in family functioning.
Premorbid social functioning and comorbidityResearch investigating the presence of social difficulties prior to onset of an EDhave either relied on retrospective accounts; or explored patterns of comorbiditywith disorders that are defined by social deficits, and have onset prior todevelopment of the ED. Evidence supports the notion that social and interpersonaldifficulties exist prior to onset of an ED with studies finding high prevalence ofseparation anxiety disorder (Silberg & Bulik, 2005), social phobia (Melfsen,Walitza, & Warnke, 2006), and neurodevelopmental disorders of the ASD spectrum(Connan, Campbell, Katzman, Lightman, & Treasure, 2003) presenting inchildhood. Furthermore, evidence suggests that individuals with an ED frequentlyexperience social anxiety prior to onset (Kaye, 2004); and that the prevalence ofpremorbid social anxiety is higher in ED groups than in the general population(Godart, 2002). In addition, a retrospective study found that women with a historyof AN-BP reported significantly higher levels of loneliness, shyness and feelings ofinferiority in adolescence than healthy controls; and women with an history of BNreported higher levels of shyness in adolescence (Troop & Bifulco, 2002).
Eating Disorders and Autism Spectrum Disorders: and overlap of phenotypic
expressionThe notion that a quantitative trait approach to psychiatric illness may be morerelevant than current diagnostic categorisation has growing support; particularlywith respect to ED research (e.g. Treasure, 2012; Zucker, 2007). It has been
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suggested that there may be an association between developmental traits that arenormally associated with ASD and development of an ED (C. Gillberg, 1983, 1992).In their longitudinal study of AN in a community sample, Gillberg and colleaguesfound an overrepresentation of ASD in comparison to healthy controls (I. Gillberg,Råstam, & Gillberg, 1994). This AN group have also been found to havesignificantly more relatives presenting with social impairments that are associatedwith ASD (Råstam, Gillberg, & Wentz, 2003). More recently, Hambrook andcolleagues found that females with an ED scored significantly higher on the AutismSpectrum Quotient than healthy controls (Garner, 1991b).
There is growing evidence of an overlap of intermediate phenotypes between ANand ASD (e.g. Faunce & Job, 2000; Odent, 2010; Treasure, 2012); and it has beensuggested that the extensive research conducted investigating social cognition inASD could be used as a ‘roadmap’ for future research investigating social cognitionin ED (Zucker, 2007). Studies have shown that the interpersonal patterns presentin ASD probands can be found at higher rates in family members, advocating socialand interpersonal difficulties as possible intermediate phenotypes of the disorder(Piven, 2001). Taking a similar approach, an investigation of social andinterpersonal functioning within family members of ED probands could help toidentify potential intermediate phenotypes for ED in the domain of socialcognition.
2.3.3.2 Emotion Recognition
The investigation of emotion recognition abilities in ED groups is a relatively newfield of inquiry, however the majority of research indicates the presence of somelevel of disturbance (Faunce & Job, 2000). Zonnevijjlee-Bender and colleagues(Zonnevijlle-Bendek, van Goozen, Cohen-Kettenis, van Elburg, & van Engeland,2002) were the first to empirically investigate the ability of adolescents with an EDto produce an emotional label in response to a facial expression. The faces werepresented for two seconds each, and were expressing one of seven possibleemotions: happiness, anger, sadness, fear, disgust, surprise, or contempt.
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Participants were tested using both a free labeling paradigm, where they wereexpected to independently generate an emotional label; and a forced-choiceparadigm with fixed possible responses. Results showed that the ED groupsperformed worse than healthy controls on both versions of the task. As a controlmeasure, participants were also tested on their ability to match non-emotionalfaces. No differences were found between ED individuals and healthy controls,indicating that the observed deficit was specific to the identification of emotions,rather than due to deficits in the processing of facial cues. Unfortunately, the EDsample investigated in this study was too small to divide into diagnostic sub-groups (AN/BN/EDNOS). In addition, performance on each individual emotion wasnot investigated; which is limiting as evidence suggests there are differences in theprocessing of distinct emotions (Jones, Harmer, Cowen, & Cooper, 2008).
Following this initial study, the same group investigated the performance ofadolescent AN patients on the same task, in comparison to both healthy controls,and a psychiatric control group made up of patients with depression or anxiety(Zonnevylle-Bender, Goozen, Cohen-Kettenis, Elburg, & Engeland, 2004). Both theAN group and the psychiatric control group showed comparative performance onthe facial emotion recognition task; and both performed worse than healthycontrols. Once again, this study was limited in that it did not analyse recognition ofthe different emotions individually. Finally, these researchers compared theperformance of adolescent patients with AN to the performance of adult patientswith AN, on the same facial emotion recognition task. No differences were foundbetween adolescent and adult patients, but a healthy control group was notincluded for comparison (Zonnevylle-Bender, van Goozen, et al., 2004).
Another early study investigated the emotion recognition capacities of inpatientswith AN, using a forced choice facial emotion recognition task with an even widerrange of emotions: interest, happiness, surprise, sadness, disgust, contempt, anger,shame, and fear (Kucharska-Pietura, Nikolaou, Masiak, & Treasure, 2003). Thisinvestigation also examined performance on the Voice Emotion Recognition Test(VERT), in which neutral sentences are spoken aloud in a manner conveying one ofsix emotions: happiness, sadness, fear, anger, surprise, disgust, and neutral.
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Individuals with AN (in comparison to healthy controls) exhibited impairedrecognition of negative emotions from faces, particularly sadness and fear; andimpaired recognition of emotion from voices, particularly happiness and sadness.Group differences in facial emotion recognition remained after controlling for avariety of clinical and socio-demographic factors, mainly due to inpatients with ANfinding it more difficult to recognise fear; however, no group differences in vocalemotion recognition remained after adjusting for covariates. This early studyhighlights the importance of analyzing performance in relation to each distinctemotion, and also indicates that deficits in emotion recognition may vary acrossmodality. As noted by Jansch and colleagues however, the fact that more negativethan positive emotions were used in the task may have biased the result, revealingmore difficulties in the recognition of negative emotions by AN individuals (Jänsch,Harmer, & Cooper, 2009).
Since these initial studies this particular field of inquiry has grown to include arange of emotion recognition tasks; with some studies finding deficits in emotionrecognition and others not. Mendlewicz and colleagues (Mendlewicz, Linkowski,Bazelmans, & Philippot, 2005) compared the emotion recognition capacities ofpatients with AN, patients with depression and healthy controls. Though they didfind that depressed patients were less accurate at recognising emotion from facesthan healthy controls, no impairments were found in the AN groups. Kessler andcolleagues (Kessler, Schwarze, Filipic, Traue, & von Wietersheim, 2006)investigated the emotion recognition capacity of both AN and BN inpatients on theFacially Expressed Emotion Labeling (FEEL) test; which also adopts a forced choiceparadigm, but limits the range of emotions to anger, fear, sadness, happiness,surprise, and disgust. They reported no differences in the performance of AN andBN groups; and no differences between the ED group as a whole and healthycontrols, except for a small but significant decrease in the recognition of surpriseby individuals with an ED.
The majority of the following research in the field has focused on the emotionrecognition capacities of AN patients. Pollatos and colleagues (Pollatos, 2008)explored the possibility that the observed impairments in emotion recognition
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from facial cues might be reflected in brain activity by measuring visual-evokedpotentials. Also using a forces choice paradigm, and limiting the range of emotionsto the same six emotions as Kessler (Kessler, et al., 2006); the authors found thatAN patients made significantly more mistakes than healthy controls. Whenanalyzing recognition of each emotion individually, results showed significantlydecreased performance in the recognition of neutral, sad and disgusted faces. Withregard to brain activity, findings showed that AN patients exhibited increasedN200 amplitudes in response to all face categories. The authors highlight that inthe literature, enhanced N200 amplitudes are reflective of the reduced resourcesavailable for attentional control (T. Dennis & Chen, 2007); and suggest that thisview is consistent with their findings, as enhanced N200 amplitudes werecorrelated with lower task performance. A second finding regarding brain activitywas that AN patients showed decreased P300 amplitudes when responding tonegative emotions, and the authors interpret this as evidence for a diminishedcognitive processing ability for negative facial emotions.
An investigation into facial emotion recognition within AN individuals, which usedthe Facial Expression Recognition Test (FERT), revealed decreased emotionrecognition; increased misclassification of emotions; and slower responses incomparison to controls (Jänsch, et al., 2009). The FERT differs from previouslydescribed tests of emotional recognition in that each facial expression morphsfrom neutral (0% intensity) to full emotion (100% intensity) in 10% increments;and is in this way more representative of how facial emotion recognition isperceived in everyday life. Unlike previous studies, no significant differences werefound between groups on any individual emotion, only in overall performance. Theresults of this study also suggest that medicated individuals may respond quitedifferently to those not using medication. A comparison of AN patients that wereand were not taking medication at the time of testing showed that the medicatedgroup were more accurate at identifying all emotions aside from fear; but wereslower than the un-medicated group at identifying all emotions aside from disgust.In addition, AN patients taking medication misclassified more faces as fearful,while those not on medication did not. Finally, un-medicated patients showed lessaccuracy in the recognition of disgust, than medicated patients. Results also
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suggest that depressive symptoms, while making some difference whenadditionally controlled for, do not provide a complete explanation for the deficitsin emotional processing observed (Jänsch, et al., 2009). Castro and colleagues(Castro, Davies, Hale, Surguladze, & Tchanturia, 2010) also investigated the effectof comorbid psychiatric disorders on facial emotion recognition in individuals withAN. Focusing only on the recognition of happy and sad faces, the authors foundthat AN patients performed more poorly than controls in the recognition of sadfaces; however no differences were found between groups in the discrimination ofhappy faces. They also found that the presence of obsessive-compulsive symptomswas the strongest predictor of the decreased emotion recognition of sad facesobserved in the AN group.
There has been one investigation into the facial emotion recognition capacities ofindividuals with BN. Legenbauer and colleagues (Legenbauer, Vocks, & Rüddel,2008) used an assessment which presented static faces expressing one of the sixbasic emotions used in previous studies described above. No differences werefound in the overall recognition of emotion between BN and healthy controlgroups; but the BN group was significantly less accurate in the recognition ofsurprise specifically. Women with BN have also shown differences in emotionprocessing in response to film clips, revealing an enhance ability to recognisenegative emotion (Kenyon, et al., 2011).
More complex emotion recognition has been assessed in ED groups using theReading the Mind in the Eyes (RME) task, in which participants are shown a seriesof photographs depicting a pair of eyes that are expressing a complex emotionalstate (Baron-Cohen, Wheelwright, Hill, Raste, & Plumb, 2001). Participants areexpected to choose the correct emotional state to match the eyes from the fouroptions provided. There is some evidence in the literature of women with ANperforming poorly on this task in comparison to controls (Harrison, Sullivan,Tchanturia, & Treasure, 2009; Russell, Schmidt, Doherty, Young, & Tchanturia,2009), though there is also evidence to the contrary (Medina-Pradas, Navarro,Alvarez-Moya, Grau, & Obiols, 2012). There is also limited evidence of women with
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BN and EDNOS performing poorly on the RME task (Melfsen, et al., 2006); but onceagain there is also evidence to the contrary (Kenyon, et al., 2011).
Emotion Recognition in Recovered SamplesWith the aim of establishing whether deficits in emotion recognition are a traitassociated with ED psychopathology; or are an effect of state and due to secondaryfeatures of the illness such as low nutritional intake; two studies have investigatedthe presence of impaired emotion recognition in women who have recovered fromAN. Oldershaw and colleagues used the RME task; the Reading the Mind in theVoice (RMV) task, a task assessing recognition of emotion from voices; and theReading the Mind in Films (RMF) task, a task assessing the recognition of emotionfrom film clips (Oldershaw, 2010). Currently ill participants and recoveredparticipants were worse than healthy controls in recognising negative emotions inthe RME task. In contrast, participants recovered from AN were better thancurrently ill participants at inferring positive emotions from voices; and bothrecovered participants and healthy controls were better than currently illparticipants at inferring negative emotions from voices. Finally, currently ill ANparticipants were worse than both of the other groups at identifying negativeemotions in the RMF task. The authors conclude from their findings that pooremotion recognition is an effect of state, rather than being a trait associated withAN. The second study also used the RME task, but the findings were quite different.Harrison and Colleagues found that both the AN group, and the recovered ANgroup, performed significantly worse than controls; and the authors concludedthat deficits in emotion recognition appear to be a trait associated with AN, ratherthan an effect of state (Harrison, 2010).
Emotion Recognition in Non-clinical SamplesUnder the premise that dieters are at higher risk of developing an ED than thosewho do not diet (Cook-Darzens, et al., 2005; Jacobi, Hayward, et al., 2004;Rothschild-Yakar, et al., 2011), there are an increasing number of investigationswith dieting groups, and non-clinical samples with high eating pathology. The aimof these studies is to gain some insight into whether decreased or biased emotionrecognition is present prior to onset of an ED, and could possibly contribute to the
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development of the disorder. Jones and colleagues investigated facial emotionrecognition in a group of female undergraduate students, comparing theperformance of women with either high and low levels of ED symptoms (Jones, etal., 2008). They found that women with high levels of ED symptoms were lessaccurate when recognising happy and neutral faces; showed a trend towardspoorer discrimination of angry faces; but were better at discriminating surprise.They also found that these differences remained when controlling for feelings ofdepression and anxiety. Pringle and colleagues also found an association betweenED symptoms and emotion recognition capacity in a group of female dieters; withincorrect classification of both neutral and angry faces significantly predictingsubclinical ED symptoms (Pringle, et al., 2010).
Two further studies by Ridout and colleagues extended this research. In the first,they found that women with high levels of subclinical ED symptoms (incomparison to those with low levels of symptoms) exhibited an overall deficit inthe recognition of emotion from video-taped social interactions; with a specificassociation between impaired anger recognition and body dissatisfaction (Ridout,Thom, & Wallis, 2010). In the second study they investigated whether emotionrecognition capacity was affected by the intensity of facial expression (Ridout,Wallis, Autwal, & Sellis, 2012). Results showed that in comparison to women withlow levels of subclinical ED symptoms, women with high levels of ED symptomswere less accurate overall; and showed specific deficits in the recognition of angerand fear, making more fear-as-anger and anger-as-fear errors. This deficit in facialemotion recognition was found to be more evident when participants wereresponding to expressions of lower intensity. In addition, the researchers onceagain found that deficits in anger recognition specifically were related to bodydissatisfaction; which is consistent with their finding above when using video-taped social interactions as stimuli.
Interim ConclusionsIt is clear that further research is required into the socialfunctioning/communication and emotion recognition capacities of ED groups.Current research investigating social functioning in ED groups highlights the
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importance of differentiating by subtype; with the AN-BP subtype showing aparticularly strong association with impairments (Casper & Troiani, 2001;Hartmann, Zeeck, & Barrett, 2010; Troop & Bifulco, 2002). As highlighted above,this subtype has also been linked with difficulties in treatment and poor treatmentoutcome (Steinhausen, 2002); and it is possible that impaired social functioningcontributes to these difficulties. Given the heterogeneity of AN-BP samples, itwould be interesting to investigate whether it is the presence of restriction,combined with bingeing and/or purging behaviours, that is particularly associatedwith impaired social functioning.
The majority of research investigating emotion recognition has employed ANsamples, with groups rarely being divided into their restricting/binge-purgesubtypes. Given the evidence regarding social functioning, it seems thatdifferentiating ED individuals according to their restricting/binge-purge subtypes,or the presence of ED behaviours such as restricting/bingeing/purging, is vital. It ispossible that the increased presence of impaired social functioning in AN-BPgroups could be associated with impaired emotion recognition that is alsospecifically associated to this ED subtype.
2.4 Conclusions
This chapter explains how the high-risk method can contribute toneuropsychological research in the field of ED; and discusses the importance ofknowing whether the neuropsychological differences observed in clinical groupsare present prior to onset and are therefore independent of illness state, possiblymaking them putative intermediate phenotypes of the disorder. As can be seenfrom the review above, despite conflicting findings in the literature, the presenceof an ED does appear to be associated with differences in neuropsychologicalfunctioning and social cognition. The inconsistencies present in the literature areto be expected if taking into account limitations of current research. Frequently themeasures used in various studies are very different, and findings are thereforeincomparable. The heterogeneity of the samples used, with regard to the severity
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of illness, time of onset, and duration of illness could also have an effect, especiallyif executive dysfunction exists as a result of the disorder, or is made more severeby it (Kaplan, 2002). In addition, comparisons are generally made to normativegroups, which cannot give evidence of individual impairment in comparison topremorbid functioning (Bayless, et al., 2002). There are also methodologicallimitations that could explain contradictory findings. As has been highlightedthroughout this chapter, many studies have used very small samples, while othershave lacked a control group for comparison (Bayless, et al., 2002).
It is possible that some of the deficits found may be the result of restrictingnutritional intake and/or low weight. Experiments have shown that individualscurrently dieting display poor working memory and planning abilities, and theresults of this line of research generally implicate preoccupying cognitions aboutfood as the mediating variable (e.g. Green, et al., 2003; Green & Rogers, 1998).However, impaired neuropsychological functioning could exist in sufferers prior toonset and affect risk status for the development of an ED. Brain abnormalitieswithin ED individuals have been discovered, and though many suggest these are aresult of malnutrition, there is evidence to suggest that not all of theseabnormalities revert back to normality after weight restoration (Lena, et al., 2004).Investigation pertaining to cognitive flexibility (Holliday, Tchanturia, Landau,Collier, & Treasure, 2005; Kanakam, Raoult, Collier, & Treasure, 2012; Roberts, etal., 2010; Tenconi, et al., 2010) and central coherence (Kanakam, et al., 2012;Tenconi, et al., 2010) in women with an ED and their unaffected sisters hasprovided some evidence of similar impairments in both groups; with performancethat is significantly poorer than healthy controls with no personal or family historyof an ED. These studies implicate impaired cognitive flexibility and weak centralcoherence as intermediate phenotypes, possibly affecting risk status fordeveloping an ED. Studies of this nature are vital for other neuropsychologicalconstructs within the systems of executive functioning, intelligence, globalcognitive functioning, and social cognition.
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Chapter 3
Aims and Methodology
3.1 General Aims
The aim of the studies in this thesis was to investigate neuropsychologicalfunctioning, social communication, and emotion recognition, in children at highrisk of developing an ED, due to being born to a mother with an ED. High riskstatus has been defined in two ways: (i) maternal self-report of a diagnosis of anED during pregnancy with the index child; and (ii) maternal ED behaviours overlifetime. This chapter gives an explanation of how this was done, and discussesrelevant methodological considerations. The studies conducted employ sub-samples from the Avon Longitudinal Study of Parents and Children (ALSPAC): alongitudinal cohort study that is also explained in detail. The specific aims of eachof the studies in this thesis are described below.
Study One: Intelligence, Global Cognition and Executive Functioning in Children
at High Risk of Developing an Eating Disorder (Chapter 4)The aim of this study was to investigate whether children at high risk of developingan ED show differences in intelligence, global cognition, attention, workingmemory, and inhibition, when compared to children who are not at high risk. Forthis study high risk status in the children was determined via self-report of an EDdiagnosis by the mother, before the birth of the index child. The intelligence andexecutive functioning of children whose mothers reported history of an ED wascompared with children whose mothers reported no history of any psychiatricillness.
Study Two: Are Maternal Lifetime ED Behavioural Phenotypes Associated with
Children’s Intelligence, Global Cognition and Executive Functioning? (Chapter
4)The aim of this study was to investigate whether lifetime maternal eating disorderbehaviours are an accurate predictor of executive functioning and general
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intelligence in children at high risk. For this study high risk status in the childrenwas defined as the presence of maternal eating disorder behaviours over lifetime.Data on maternal lifetime eating disorder behaviours were collected as part of atwo-phase prevalence study. The children of mothers who had engaged in eatingdisorder behaviours over their life were compared with the children of motherswho had not.
Study Three: The Relationship between Social Communication and Emotion
Recognition from Facial and Non-facial Cues, in a Community-Based Sample of
Children (Chapter 5).The aim of this study was to provide further validation for the use of the EmotionalTriangles Task, a novel measure of emotion recognition from social motion cuesthat has previously only been used in a sample of adults with Autism SpectrumDisorder. The effectiveness of this measure was investigated in a large communitysample of children with the purpose of validating its effectiveness in (i) children aswell as adults, and (ii) the general population as well as an autistic sample; prior tousing the task to investigate emotion recognition in children at high risk ofdeveloping an ED. This was done by determining whether the capacity to recogniseemotion from social motion cues (Emotion Triangles Task) was associated withsocial communication difficulties, as measured by the Social CommunicationDisorders Checklist (SCDC); and by comparing emotion recognition from socialmotion cues with emotion recognition from facial expression as measured by theDiagnostic Analysis of Non-Verbal Accuracy (DANVA).
Study Four: Social Communication and Emotion Recognition in Children at
High Risk of Developing an ED (Chapter 6)The aim of this study was to investigate whether children at high risk of developingan ED show differences in social communication and emotion recognition, incomparison to children who are not at high risk. For this study high risk status inthe children was determined via self-report of an ED diagnosis by the mother,before the birth of the index child. Social communication and emotion recognitionof children whose mothers reported history of an ED was compared with childrenwhose mothers reported no history of any psychiatric illness.
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Study Five: Are maternal ED behavioural Phenotypes Associated with Social
Communication and Emotion Recognition Difficulties in Offspring? (Chapter 6)The aim of this study was to investigate whether maternal lifetime ED behavioursare an accurate predictor of children’s social communication and emotionrecognition abilities. For this study high risk status in the children was defined asthe presence of maternal eating disorder behaviours over lifetime. Data onmaternal lifetime eating disorder behaviours were collected as part of a two-phaseprevalence study. The children of mothers who had engaged in eating disorderbehaviours over their life were compared with the children of mothers who hadnot.
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3.2 The Avon Longitudinal Study of Parents and Children
(ALSPAC)
3.2.1 Study Overview
The Avon Longitudinal Study of Parents and Children (ALSPAC) is a multi-generational, longitudinal, and prospective, population-based study of women(who were recruited during pregnancy), and the child that they were pregnantwith at the time. ALSPAC was founded with the aim of increasing knowledge andunderstanding of the contribution of both environmental and genetic influences onhealth and development over time. Women were eligible if they lived in a pre-defined study area in South West England (formerly known as Avon) at the time ofpregnancy; and if their expected date of delivery was between 1 April 1991 and 31Dec 1992. Biomedical, psychological, and lifestyle information about the mothersand their children has been collected over the last 19-22 years, throughquestionnaires, clinics and psychological assessments.
3.2.2 Participants
Women were excluded from the initial recruitment if they experienced loss of theirpregnancy prior to 23 weeks (n = 717), leaving 14,541 pregnancies in the initiallyrecruited pregnancy cohort. A further 674 pregnancies were excluded postrecruitment due to there being no live birth (n = 604), or due to the birth outcomebeing unknown (n = 69). One additional pregnancy was also excluded due to therebeing only one live birth from a twin pregnancy. The initial pregnancy cohort wasinclusive of 13,761 mothers plus the 13,867 children that they gave birth to:inclusive of 195 twins, 3 triplets, and 1 quadruplet. (De Haan, Belsky, Reid, Volein,& Johnson, 2004; Izard, 2002).
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Sample characteristics and representativenessFor the 13,761 women that were initially enrolled, obstetric and socio-demographic data collected 8 months after childbirth has been used to assesswhether the ALSPAC cohort is representative of the area of Avon, and the whole ofGreat Britain. Results from the 8 month post-natal questionnaire were comparedto data from the 1991 census on mothers with an infant less than a year old. The 8month questionnaire was completed by approximately 80% of the initiallyenrolled cohort; therefore the comparisons made are representative of eligiblepregnancies that were enrolled, and enrolled pregnancies that completed thisquestionnaire (Izard, 2002). Mother’s enrolled in the cohort who completed the 8month postnatal questionnaire were more likely to live in owner occupiedhousing; have a car in their household; and be married, than those in Avon or thewhole of Great Britain. They were also less likely to be non-white. It is noteworthythat despite socio-demographic factors indicating a higher socio-economic positionon the whole, a higher proportion of mothers enrolled in the cohort lived in houseswith more than one person sharing a room on average (see table 1).
Table 1 Socio-demographic characteristics of mothers enrolled in the ALSPACcohort, mothers in Avon, and mothers in the whole of Great BritainCharacteristic ALSPACParticipants(%) Avon(%) Great Britain(%)Owner Occupied Housing 79.1 68.7 63.41 + person per room 33.5 26.0 30.8Car in household 90.8 83.7 75.6Married couple 79.4 71.7 71.8Non-white mother 2.2 4.1 7.61. Table adapted from an ALSPAC cohort profile (Izard, 2002)
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3.2.3 Procedures
Recruitment & Maternal QuestionnairesEligible women were recruited using posters; which were displayed in places thatwere likely to be frequented by pregnant mothers such as doctor’s surgeries, ante-natal clinics, chemists, and playgroups. Information about the study was alsopassed on to newly pregnant women by the midwife that they initially met with. Inaddition, ALSPAC received both local and national media coverage inviting eligiblemothers to participate. Women were initially given a card to complete and return;asking for their name, contact details, date of their last menstrual period and theirestimated due date. By completing and returning this card women were effectivelyexpressing an interest in participation, and they were sent a brochure with fulldetails of the study. The brochure outlined the overall aims of ALSPAC; providedassurances that all information collected would be kept confidential andunconnected to their name/contact details; and explained that though there wereno tangible benefits for the mother, there would be a great deal of benefit forfuture generations as a result of the data that were collected. The brochure alsoexplained that from this point onwards ALSPAC would presume that the motherwas happy to participate, but the mother could opt out by informing the studyteam at any point, either now or in the future. Those women who did not opt outover the next week were sent their first questionnaire, which was appropriate totheir gestational time point. If the mother did not respond to any of the maternalquestionnaires, or any questionnaires sent after the birth of the child, reminderswere sent by post. For mothers who did not respond to a questionnaire for amonth, a member of the ALSPAC study team made contact by phone and/or visitedtheir home to help with completion.
Socio-Demographic DataA benefit of working with the ALSPAC cohort is the wealth of socio-demographicdata that are available. Following is a breakdown of the variables that have beenused as confounders/mediators within this thesis, how this data was prepared,and the response rate for each variable. The majority of this information wascollected via the “Your Pregnancy” questionnaire that was sent to mothers at 32weeks gestation. Additionally, data on marital status was collected via the “Your
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Environment” questionnaire which was sent to mothers at 8 weeks gestation; andparity was determined as part of the questionnaire titled “Having a Baby” whichwas sent to mothers as 18 weeks gestation.
Maternal Age at Delivery: Maternal age at delivery was determined by calculatingthe difference between the dates that the mother and study child were born. Theextreme lower (under 16 years old) and upper (over 43 years old) age ranges weregrouped for confidentiality. Data on maternal age at delivery were available on100% of the initially enrolled cohort, and was used as a continuous variable as acovariate.
Maternal Education: Mothers were asked to report their acquired education usinga likert scale with the following possible responses: (i) No qualifications; (ii) noqualifications higher than CSE or GCSE level; (iii) O-level or equivalent; (iv) A-levelor equivalent; (v) Teaching or nursing qualification; (vi) University degree.Mothers who answered “not known” were coded in the lowest educationalcategory, under the assumption they had not completed any of the qualificationspresented in the questionnaire. These responses were used to determine themother’s highest level of education through which five possible categories werederived: (i) CSE/None; (ii) Vocational qualifications; (iii) O level; (iv) A level; (v)Degree. For ease of use in statistical analysis, this variable was dichotomized intotwo categories: (i) Qualifications up to, including, and equivalent to O level; and (ii)Qualifications equivalent to A level and above. The response rate for this variablewas 94.2% of the initially enrolled cohort.
Marital Status: Mothers were asked whether or not they were married. Thisdichotomous variable was available on 90.7% of women in the initially enrolledcohort.
Ethnicity: Ethnic origin was enquired about using the same questioning format asthe 1991 United Kingdom Census, which provided nine possible categories: White;Black – Caribbean; Black - African; Black – other; Indian; Pakistani; Bangladeshi;Chinese; Other – specified. Mothers were asked to report the ethnic origins of her
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partner and her parents, as well as her own ethnicity. A large majority of thecohort described themselves as white (95.2%); therefore this variable wasdichotomized into White or Other (inclusive of all non-white ethnicities). Datawere available on 93.7% of the initially enrolled cohort.
Parity: Mothers reported on the number of previous pregnancies they’d had, bothlive-born and stillbirth. This variable was dichotomized into primiparae ormultiparae for ease of use in statistical analyses, and was available on 100% of theinitially enrolled cohort.
Child Gender: Information on the gender of the study child was obtained throughbirth notification, and this dichotomous variable (male or female) was available on100% of the cohort.
Family Income: Mothers were asked to report the weekly family income (inclusiveof benefits), and were given five possible categories to choose from: (i) less than£100 per week; (ii) £100 - £199 per week; (iii) £200 - £299 per week; (iv) £300 -£399 per week; (v) more than £400 per week. These data were used as acontinuous variable due to statistical limitations associated with multipleimputation, and were available on 89.9% of the initially enrolled cohort.
Social Class: Social class was based on parental occupation defined by the UKRegistrar General’s occupational coding. Occupation of both parents was coded ona scale ranging from social class I (professional) to social class V (unskilledmanual). Lowest combined social class of both parents was allocated to the familyand dichotomized into Non-manual (categories I to III-manual) and Manual(categories III-manual to V).
Gestational Age: Gestational age was calculated using the mothers estimated duedate, which was in turn based on the date of her last menstrual period. These datawere used as a continuous variable and were available on 100% of the initiallyenrolled cohort.
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3.3 Sample 1: Maternal Self-Reported ED diagnosis (Studies 1
and 4)
For studies one and four of this thesis, high risk status in children was defined bymaternal self-report of an ED diagnosis prior to the birth of the index child. Thefollowing section of this chapter describes the sample used in these studies, andthe procedures employed.
GroupingAt 12 weeks gestation all women in ALSPAC were asked the question “Have youever had…” followed by a range of possible psychiatric and psychological problemsin a questionnaire entitled “About Yourself”. Among the responses were theoptions ‘Anorexia Nervosa’ and ‘Bulimia Nervosa”, and mothers were able toanswer yes to either one of these, or both. At this time, EDNOS did not exist as adiagnostic category. Four categories were derived: (i) No history of maternal ED;(i) Maternal history of Anorexia Nervosa; (ii) Maternal history of Bulimia Nervosa;(iv) Maternal history of both Anorexia and Bulimia Nervosa. These data wereavailable on 83.5% of the initially enrolled sample.
From the 11, 088 women eligible for inclusion in these studies: 171 womenanswered yes to a history of AN; 199 women answered yes to a history of BN; and82 women answered yes to a history of both AN+BN. The nature of data collectionin large cohort studies makes it difficult to validate these self-report diagnoses viaclinical interview; however, a second questionnaire asking about eating disorderedbehaviours was completed by mothers at 18 weeks gestation. Using the data fromthis second questionnaire, Micali and colleagues (Hudson, 2007) explored thedifferences in ED cognitions, ED behaviours, and BMI between the three ED groupsand the unexposed group. The results of these analyses revealed distinct profilesfor each group. Women who reported lifetime AN at 12 weeks gestation, alsoreported significantly more lifetime self-induced vomiting (23.4%) and laxativeuse (25%) than women with no history of an ED (3.6% and 3.2% respectively).They also had a significantly lower BMI prior to pregnancy (m = 21.5; SD = 3.2)than women who did not report an ED at 12 weeks (m = 22.9; SD = 2.8). Women
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who reported a history of BN also reported significantly more lifetime self-inducedvomiting (56.3%) and laxative use (29.1%) than women who did not report an ED;but, as would be expected, reported a comparable pre-pregnancy BMI (m = 23.1;SD = 4.3). Women reporting a history of both AN+BN reported the highest level ofself-induced vomiting (62.2%) and laxative use (55%); both of which weresignificantly higher than women who reported no history of an ED. Women in theAN+BN group, like those in the AN group, also reported a significantly lower pre-pregnancy BMI (m = 21.5; SD = 3.0). The significantly higher percentage of EDbehaviours experienced by women reporting a lifetime ED, in comparison towomen reporting no history of an ED, suggests that the self-report diagnosis in thiscohort was relatively valid. In addition, the striking differences in the percentage ofED behaviours experienced between the three ED groups (AN, BN, and AN+BN)means that grouping them together into one ED category could conceal possibledifferences in the children of women from each of these groups. Therefore, allthree ED categories were considered to be fairly reliable; and were kept separatefor all analyses in this thesis.
Inclusion and Exclusion CriteriaThe developmental trajectories for multiple births are known to be different tosingleton births; therefore pregnancies with multiple births were excluded from allanalyses in this thesis (n = 208). Mother-child pairs were excluded from studiesone and four if mothers had not completed the 12 week questionnaire (n = 2,019),or if they had reported history of any other psychiatric illness other than an eatingdisorder (n = 1,166). Subsequently, a sample of 11, 088 women were eligible forstudies 1 and 5.
Comparison GroupThe aim of studies one and five of this thesis was to make a comparison betweenthe children of women with a lifetime history of an ED (AN, BN, or AN+BN), and thechildren of women with no history of an ED. A total of 10, 636 women reported nohistory of any psychiatric conditions, and children of these women were used as acomparison group for all analyses in studies one and four.
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3.4 Sample 2: Maternal lifetime ED behaviours (Studies 2 and 5)
For studies two and five high risk status of children was determined using datacollected on lifetime history of ED behaviours. This information was collected aspart of this thesis using a two-phase prevalence study. The following section of thisthesis explains the procedures used in the prevalence study, and provides adescription of the sample used in studies two and five.
3.4.1 Two phase prevalence study
Phase OneFor phase one of this study, the Eating Disorder Diagnostic Survey (EDDS;described below) (Stice, 2000) was adapted to cover lifetime symptomatology andsent to the 9,465 women in the ALSPAC cohort who were still eligible forparticipation. Of the 9,465 mothers invited to participate, 1,137 (12%) completedthe survey on line, and 4,594 (48%) returned questionnaires in paper format.Fifteen of the 5,731 returned questionnaires were duplicates; therefore the totalnumber of responses was 5,716 (60.4%).
From the 5,716 women who completed and returned the screening questionnaireas part of phase one, all of those screening positive (n = 934), and a random 12.2%of the overall sample who screened negative (n = 698) were offered an in depthclinical interview. Women were included in the screen positive group if there wasevidence of (i) weight and shape concerns; (ii) bingeing; and/or (iii) compensatorybehaviours (see table 2) following the algorithm used by Stice and colleagues fordiagnosis of an ED using the EDDS (Stice, 2000). Weight and shape concerns wereconsidered present if the participant scored a minimum of 16 out of 24 on fouritems in the EDDS assessing weight and shape concerns, i.e. “Have you ever had adefinite fear that you might gain weight or become fat?” Bingeing was consideredpresent if participants reported bingeing at a minimum frequency of twice a week,reported experiencing a “loss of control” while bingeing, and also answered yes tofour or more cognitive symptoms that are associated with bingeing, i.e. “Did you
76
eat alone because you were embarrassed by how much you were eating?”Compensatory behaviours were considered present if participants reported sevenor more occasions when compensatory behaviours were used over the period of aweek; and these could be any combination of restricting, purging or exercisingbehaviours. EDDS guidelines recommend a cut-off of at least eight occasions over aweek (Stice, Telch, & Rizvi, 2000); however, as the EDDS was being used as alifetime screening tool rather than to diagnose, a cut-off of seven or morebehaviours was adopted to be over-inclusive. Self-reported ED during pregnancywas also used as an indicator of lifetime ED, therefore all women who self-reportedan ED in pregnancy were also approached for interview. Of these only 114 womendid not return the questionnaire but were included in the sample to interview. Thefinal sample was made up of 1746 women.
Table 2 Cut-off criteria for a screen positive on EDDS (Stice, 2000)
Cut-off1. Shape and weight concern A score ≥ 16 on weight and shape concern items of the EDDS2. Evidence of ever bingeing Bing frequency of ≥ twice a week
Bingeing as above and a sense of a lossof control
Four or more cognitive symptomsassociated with bingeing3. Evidence of ever compensatorybehaviours  Seven or more incidences a week ofany combination of compensatorybehaviours (though the EDDSguidelines recommend a cut off of 8, asthe EDDS is being used here as ascreening measure, a cut off of 7 wasdecided upon to be over inclusive).
Phase twoInterviews were conducted using the research version of the SCID-IV (First, et al.,2002); and a lifeline developed as part of the Longitudinal Interval Follow-upEvaluation (LIFE) (Keller, et al., 1987) onto which lifetime history of symptomswas plotted (both measures described in detail below). Initial contact withparticipants was attempted via telephone. Those that were contactable were given
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a brief explanation of the study describing the interview and outlining our overallaims. At this point, women who expressed an interest or requested furtherinformation were emailed the description of the study (written expressly for thispurpose), and a consent form. Participants were also given the option of receivingthis information by post rather than email. During this initial phone conversation,an appointment was made with the participant for a convenient time that theinterviewer could phone again. At second contact, if the participant was happy toparticipate and it was a convenient time for them, the interview was conductedover the phone. If the participant expressed a wish to participate, but did not havetime to do the interview then, another appointment was made. Participants werealso offered the option of a face-to-face interview, rather than a telephoneinterview. Three participants opted for face-to-face interviews, and for thesewomen an appointment was made for them to come in to the ALSPACheadquarters to be interviewed. For women who were not home or unavailablewhen initial contact was attempted, further attempts were made at various timesof the day and evening to conduct the interview at a convenient time. If thesefurther attempts were also unsuccessful, a letter was sent to the participantexplaining why they were being contacted, with full details of the study andconsent forms (n = 819). Participants were asked to complete the consent formand a form asking for the best telephone number to contact them on and the mostconvenient times to phone, if they were interested in participating. Participantswere given the option of responding via post (a pre-paid envelope was included),email, or telephone. A second letter (identical to the first) was sent to allparticipants who did not respond to the first letter (n = 462). A total of 279 womenresponded to one of the two letters sent. Interviews were conducted with all of thewomen who (i) were contactable; (ii) did not wish to be excluded from the study;and (iii) had time to complete the interview (n = 1143).
Women who received information about the study via post had the option ofcompleting and returning the consent form enclosed. For those women whoreceived information via email or did not send back the consent form, consent wastaken over the telephone with a witness present at the interviewers end to verify
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that consent was taken. Interviews were conducted over a period of 18 monthswhen the index children were between 18 and 20 years of age.
From the 1,632 women in the sample who participated in phase 1, interviews wereconducted with 1,110 (68%). Interviewers were unable to interview 522 women,of whom: 10 were “care cases,” which means that they had been highlighted by theALSPAC study team as mothers that were too vulnerable to be contacted at present(0.61%); 29 participants declined participation (1.8%); and interviewers wereunable to contact 483 (29.6%). It was only possible to interview 33 (28.9%) of the114 women that had not participated in Phase 1; with 8 women decliningparticipation (7%); and interviewers being unable to contact the rest (n = 73;64%). A breakdown of these figures across screen positive and screen negativegroups can be found in Table 3.
Table 3 Number and percentage of participants who screen positive and negativeacross interviewed and not interviewed groups.Screened Positive Screened Negative TotalTotal Sample 934 (100) 698 (100) 1632 (100)Interviewed 590 (63.2) 520 (74.5) 1110 (68.0)Not Interviewed 344 (36.8) 178 (25.5) 522 (32.0)Care Cases 5 (0.5) 5 (0.7) 10 (0.61)Declined 5 (0.5) 24 (3.4) 29 (1.8)Could not Contact 334 (35.8) 149 (21.3) 483 (29.6)*Mothers in the sample to be interviewed who did not complete the screeningmeasure are excluded (n = 114 of which 33 women were interviewed; 8 womendeclined participation; and interviewers being unable to contact the other 73).
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Mothers considered care cases, not to be contacted
10 (0.08%)
Mothers that declined to be interviewed
37 (0.25%)
Mothers that could not be invited to participate, orcould not be contacted to arrange time for interview
556 (3.82%)
Mothers who did notcomplete the screener,but had previouslyreported experience ofan ED
114 (0.78%)
Main carers in the Original Sample
14,541
Mothers sent the screening measure (EDDS)
9,465 (65.09%)
Mothers who completed and returned thescreening measure (EDDS)
5,716 (60.4 %)
Mothers to be interviewed
1,632 (28.5%)
(screen positive 934 = / screen negative =
698)
Mothers in final sample to be contacted forinterview
1,746
Mothers interviewed
1143 (65.5%)
No. of mothers not sent screening measure (EDDS)
5,076 (34.91%)
Mothers who did not return the screener (EDDS)
3,749 (25.78%)
Figure 1 Flowchartdepicting thenumber of womeninterviewed.
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3.4.2 Measures
Phase 1
The Eating Disorder Diagnostic Scale (EDDS)The EDDS (Stice, et al., 2000) is a brief, self-report scale designed for the diagnosisof AN, BN, and BED over the previous three or six months. It has been shown to beboth valid and reliable (Lee, et al., 2007; Stice, Fisher, & Martinez, 2004); has goodtest-retest reliability, with Kappa coefficients of between 0.71 and 0.95 (Stice, etal., 2000); and shows excellent agreement with “gold standard” measures of EDdiagnosis, such as the Eating Disorder Diagnostic Interview (Ridout, et al., 2010).
The EDDS was adapted to assess lifetime history of an ED for the current study andused as the screening measure for phase one of this study. The wording of allrelevant questions was changed to ask whether symptoms had ever been present.For example, the question “How many times per week on average over the past 3months have you made yourself vomit to prevent weight gain or counteract theeffects of eating?” was adapted into two questions: (a) “Have you ever madeyourself vomit to prevent weight gain or counteract the effects of eating?”; and (b)“At its worst, how many times per week on average did you make yourself vomit toprevent weight gain or counteract the effects of eating?”(see appendix 2 foradapted scale).
Phase 2
Structured Clinical Interview for Axis I DSM-IV-TR Disorders (SCID-IV): Eating
Disorders SectionThe ED section of the research version of the SCID-IV (First, et al., 2002) was usedto conduct diagnostic interviews with mothers in the second phase of this study.The SCID-IV is a semi-structured interview designed to diagnose Axis I DSM-IV-TRdisorders (American Psychiatric Association, 2000). A series of open endedquestions enquiring about the presence of ED symptoms (i.e. restricting, bingeingor purging) and cognitions (i.e. fear of fatness or denial of low weight), are
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supported by a range of prompts designed to encourage elaboration from theinterviewee if necessary. In this way, the interviewer can elicit enough informationto determine whether the symptoms present (if any) meet the diagnostic criteriaset out in the DSM-IV-TR. The SCID-IV has a high inter-rater reliability for thediagnosis of an ED, with kappa coefficients reported to be between 0.61 and 0.77(Lobbestael, Leurgans, & Arntz, 2010). As a lifetime history of ED symptoms wasbeing investigated, relevant questions were repeated where appropriate to gatherinformation pertaining to each episode of an ED throughout the participant’s life.For example, the question “How often were you eating that much (ANDCOMPENSATORY BEHAVIOUR)?” was asked for each episode of an ED where theparticipant was bingeing and using a compensatory behaviour such as vomiting. Inthis way, the interviewer was able to elicit information on the frequency of EDbehaviours for each episode of an ED. The SCID-IV also uses a series of skip rules,used to avoid questions that are no longer relevant due to the answers given toprevious questions. These skip rules were ignored in certain situations so that allrelevant information was gathered. For example, following the skip rules in theSCID-I would mean that if an interviewee did not confirm the presence of lowweight, and also did not confirm the presence of bingeing behaviours, they wouldthen not be asked about the presence of any purging behaviours. Due to the factthat information was being gathered about all ED behaviours, not just EDdiagnosis, the skip rules were ignored. This meant that interviewees who had onlyever experienced purging behaviours were still asked about their presence (i.e.vomiting, purging, use of diuretics, and fasting) and frequency.
The Longitudinal Interval Follow-up Evaluation (LIFE): The LifelineAs part of the interview, the course of each symptom was plotted on a lifeline (seeappendix 3) which was developed as part of the LIFE interview (Keller, et al.,1987). This is a time-line covering the period from first presentation of an EDsymptom to the time of inclusion in the study. The course of each behaviour wasplotted alongside age, changes in BMI and the presence of amenorrhea. TheLifeline enabled interviewers to gather information regarding the onset andremittance of individual ED behaviours for each episode over lifetime.
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3.4.3 Interviewer training and inter-rater reliability
Interviews were conducted by three interviewers, trained using an eight stepprogram based on training recommendations set out in the SCID-IV-TR trainingmanual. First interviewers read through appropriate sections in the SCID trainingmanual. Second, they learned the eating disorder section of the SCID, making sureto understand all of the questions, instructions and diagnostic criteria. Third,interviewers watched the relevant parts of the SCID training video. Forth,recordings of previously conducted interviews were rated and results werechecked for inter-rater reliability with a qualified assessor from the Institute ofPsychiatry. Fifth, interviewers practiced reading out the questions in the SCIDaloud. Sixth, practice interviews were conducted with colleagues able to assumethe role of an eating disordered patient. Seventh, interviewers sat in on interviewsbeing conducted by an experienced interviewer. Finally, interviews wereconducted under supervision to check readiness. On-going supervision wasavailable from an experienced interviewer and a trained clinician throughout.Interviewers demonstrated excellent inter-rater reliability with 100% agreement(inter-class correlation coefficient = 1.00). Regular meetings to discuss the difficultcases and obtain diagnoses and case-ness were held monthly with colleagues andDr Micali (supervisor).
3.4.4 Scoring and data preparation
All data from the interviews were coded and entered by the interviewers accordingto strict guidelines; and 10% of data were cross-checked by a researcher notinvolved in this study prior to any analyses.
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3.4.5 Grouping Criteria
Grouping criteria were determined after extensive discussion between the PhDcandidate and the two supervisors; both of whom have extensive clinical andresearch experience, and are specialists in the field of ED. It was decided thatwomen would be categorized into five possible groups, using a hierarchy ofbehaviours (Anderluh, et al., 2009).
1. Restricting and/or Excessive Exercising (no purging/no bingeing) = women whohad, at any time in their life, engaged in dietary restriction at a frequency of at leastonce a week for a period of at least three months; and/or had engaged in excessiveexercise to lose weight at a frequency of at least once a week for a period of at leastthree months (n = 127; 11.1%).
2. Purging (no bingeing) = women who had, at any time in their life, engaged inpurging behaviours (i.e. vomiting/abuse of laxatives, diuretics or slimming pills) ata frequency of at least once a week for a period of at least three months, but hadnever engaged in bingeing behaviours. Women in this group could additionallyhave engaged in restriction and/or excessive exercise to lose weight (n = 67;5.95%).
3. Bingeing (no purging) = women who had, at any time in their life, engaged inbingeing behaviours (with loss of control) at a frequency of at least once a week fora period of at least three months, but had never engaged in purging behaviours.Women in this group could additionally have engaged in restriction and/orexcessive exercise to lose weight (n = 68; 5.95%).
4. Bingeing and Purging = women who had, at any time in their life, engaged inboth bingeing and purging behaviours (not necessarily simultaneously) at afrequency of at least once a week for a period of at least three months. Women inthis group could additionally have engaged in restriction and/or excessive exerciseto lose weight (n = 71; 6.21%).
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5. Unexposed group = women who did not meet any of the above criteria wereused as a comparison group (n = 810; 70.87%).
Exclusion CriteriaThe developmental trajectories for multiple births are known to be different tosingleton births; therefore pregnancies with multiple births were excluded from allanalyses in this thesis. Out of the 1,143 women interviewed, 14 women hadmultiple births and were therefore excluded from all analyses; leaving a finalsample of 1,129 women.
Sample characteristics and representativenessA series of logistic regression analyses were conducted to explore the differencesbetween women who were interviewed and the whole ALSPAC cohort. Resultsshowed that the women that were interviewed had higher odds of: being marriedduring pregnancy; being more highly educated; being of a higher social class; andbeing older when they were pregnant with their study child. These variables wereaccounted for in all analyses accordingly.
3.5 Neuropsychological Assessment of Children
3.5.1 Interim Overview
For all of the studies in this thesis the outcome variable was child data on cognitivedevelopment. This was collected via behavioural assessments that were conductedduring regular “Focus Clinics” held by ALSPAC at their headquarters (describedbelow), and questionnaires completed by the mothers on their children’sbehaviour. A breakdown of the relevant clinics, the number of eligible families andthe number that attended, and the assessments within each clinic that form a partof this thesis, can be found in table 4. The measures themselves are described inthe relevant results chapters (chapters four and five).
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3.5.2 Procedures
The “Focus Clinics”, to which all parents/children were invited, were held from age8 onwards. Children were tested on a variety of measures and tests were carriedout in four different orders to avoid any order effect. Testing lasted half a day, anda break was scheduled in, to prevent the children becoming tired. Decisions on theoptimum measures and methods of testing were made in collaboration withexperts from the relevant fields, and after workshops and pilot tests had beenconducted with the relevant age groups.
The staff conducting the assessments were trained and continuously supervised tomaintain standards. Families were eligible if the child was alive, if their addresswas known, and if they had not previously declined participation in the wholestudy. It is possible for participants to decline participation in parts of the ALSPACstudy; for example, completion of questionnaires specifically. An initial letterdescribing the clinic, and asking if the parents were interested in attending withtheir children, was sent three months prior to the child turning the ideal age oftesting. For families living over two hours away, this letter was sent out fourmonths in advance to encourage attendance. If a response had not been receivedwithin the first three weeks after this initial invitation, a postal reminder was sent.After a further two weeks of non-response, families were referred to the ‘FamilyLiaison’ team, who attempted to contact families through phone calls or face toface visits. Families who were still not contactable were sent a final “Last Chance”letter. Those families who expressed an interest were sent a further letter with anappointment time, which they were asked to confirm if convenient.
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Table 4 Breakdown of Relevant Clinics, Attendance Figures, and Applicable Cognitive Assessments
Clinic Ideal Age of
Study Child
Eligible Population
from Initial Cohort
Children who
Attended from
Initial Cohort
Assessments Relevant to the Thesis (Cognitive Construct
being assessed)Focus at 8 8 ½ 12,749 7,488  Wechsler Intelligence Scale for Children III(intelligence and global cognition)
 Tests of Everyday Attention for Children (selectiveattention, divided attention, and attentional control)
 Diagnostic Analysis of Non-Verbal Communication(facial emotion recognition)Focus 10+ 10 ½ 11, 868 7,563  Counting Span Task (working memory)
 Stop-signal Task (behavioural inhibition)Teen Focus 2 13 ½ 10, 580 5,844  Emotional Triangles (emotion recognition fromsocial motion cues)
 Reaction Time (focused and sustained attention)Wellbeing of MyTeenage Son/Daughter(Questionnairecompleted by mother)
13 ½ 9, 927(sent questionnaire) 6,811(completedquestionnaire)  Social Communication Disorders Checklist (socialcommunication)
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Data PreparationData from questionnaire and behavioural assessments were coded and entered byundergraduate students from Bristol University who were closely supervised. Allcoding was cross-checked prior to being keyed in, and verified after. Any textualreplies were keyed in and categorized by question. These responses were thencoded by a trained specialist in the appropriate field, rather than by the studentthat initially keyed in the response. To maintain confidentiality, data from ALSPACare sent to collaborating researchers with participant IDs that are specific to theprimary investigator. This prevents the linking of datasets without the knowledgeof ALSPAC, and means that no personal data are connected to names/contactdetails. Data preparation that was conducted after the data were received fromALSPAC is detailed in the relevant chapters of this thesis.
3.5.3 Participants
Inclusion of children for each analysis in this thesis was dependent on bothmaternal data on ED exposure, and child data on the relevant neuropsychologicalassessment being present. Children were excluded from the relevant analysis if thechild did not attend testing sessions assessing: I.Q., Attention, and Facial EmotionRecognition at age 8 (4887); working memory and inhibition at age 10 (4896);emotion recognition from social cues and reaction time at age 13 (6067); or ifparents did not complete the questionnaire on their child’s social communicationabilities when children were 13 (5102). Final sample sizes for each analysis (afteraccounting for missing data and outliers) can be found in results tables in therelevant results chapters. As explained above, two methods were used to definehigh risk status of children: (i) maternal self-report diagnosis of an ED (studies 1and 4); and (ii) maternal ED behaviours over lifetime (studies 2 and 5). The socio-demographic data for each of these two samples is described below.
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Sample 1: Maternal Self-Report Diagnosis of an ED (Studies 1 and 4)Socio-demographic data for children assessed at each time point can be found intable 5. Minorities of children assessed at all ages were non-white; and were of alow socio-economic class or from low income families. Samples assessed at eachtime point were similar across all other socio-demographic factors. Socio-demographic data were also compared across index groups for participants in theoriginal sample tested at 8 years of age (see table 6). Only slight differences insocio-demographic factors across index groups were observed for the samplesassessed at the following time points, and relevant socio demographic factors areadjusted for in each analysis.
Sample 2: Maternal ED Behaviours over Lifetime (Studies 2 and 5)Socio demographic data for children assessed at each time point can be found intable 7. Minorities of children assessed at all time points were non-white and wereof a low socio-economic class. Samples assessed at each time point were similaracross all socio-demographic factors (see table 7). Socio-demographic data werealso compared across index groups for participants in the original sample tested at8 years of age (see table 8). Once again, only slight differences were observed atfollowing time points and relevant socio demographic factors are adjusted for ineach analysis.
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Table 5 Sample 1 (At risk status defined by maternal self-report diagnosis of an ED): socio-demographics for children assessed at each age.Age 8 ½ Age 10½ Age 13 ½ Age 13½ (questionnaire)
Child Gender (male), N (%) 3076 (49.6) 3050 (49.3) 2457 (51.0) 2989 (50.5)
Child Ethnicity (white), N (%) 5757 (92.8) 5752 (96.3) 4820 (96.4) 5735 (96.5)
Maternal Education (≥ A level), N (%) 2701 (43.6) 2643 (43.6) 2235 (44.6) 2630 (44.5)
Maternal ED, N (%)Lifetime AN 93 (1.5) 83 (1.3) 72 (1.4) 91 (1.5)Lifetime BN 97 (1.6) 103 (1.7) 91 (1.8) 108 (1.8)Lifetime AN & BN 43 (0.7) 45 (0.7) 41 (0.8) 44 (0.7)
Family Income per Week, N (%)< £100 210 (4.1) 225 (4.4) - -£100 640 (12.5) 638 (12.5) - -£200 1356 (26.6) 1357 (26.7) - -£300 1235 (24.2) 1235 (24.3) - ->£400 1661 (32.6) 1632 (32.1) - -
Lowest Combined Parental Social Class
(Manual: III-manual – V) N(%) - - 600 (12.0) 717 (12.1)
Maternal Age at Delivery, m (SD) 29.17 (4.49) 29.10 (4.50) 29.18 (4.46) 29.18 (4.50)1. Categorical variables (child gender, maternal education, parity, child ethnicity, family income, social class): numbers and percentages2. Continuous variables (maternal age at delivery,): means (standard deviations).
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Table 6 Sample 1: Comparison of socio demographic data between index groups, for children who were assessed at 8 years old.AN BN AN &BN Controls
n = 93 (1.5%) n = 97 (1.6%) n = 43 (0.7%) n = 5968 (96.2%)
Child Gender (male),% (OR, 95% C.I.) 55.91 (1.29, 0.86-1.95) 47.42 (0.92, 0.62-1.37) 51.16 (1.07, 0.59-1.95) 49.53
Marital Status% (OR, 95% C.I.) 69.9 (0.62, 0.31-0.76)* 73.2 (0.62, 0.39-1.00)* 65.1 (0.40, 0.21-0.76)* 82.3
Maternal Education (≥ A level),   % (OR, 95% C.I.) 58.24 (1.77, 1.17-2.70)* 45.65 (1.07, 0.71-1.61) 74.42 (3.70, 1.86-7.35)** 44.04
Multi-parity,% (OR, 95% C.I.) 51.69 (0.93, 0.62-1.42) 53.13 (0.99, 0.66-1.48) 51.16 (0.92, 0.51-1.67) 53.38
Child Ethnicity (white)% (OR, 95% C.I.) 94.12 (1.68, 0.67-4.18) 94.51 (1.56, 0.63-3.88) 97.62 (0.65, 0.09-4.78) 96.40
Maternal Age at Deliverym (SD; B, 95% C.I.) 30.70 (5.21; 1.56, 0.64-2.48)** 28.95 (4.39; -0.19, -1.09-0.71) 30.37 (4.55; 1.24, -0.11-2.58) 29.14 (4.47)
Family Income per Weekm (SD; B, 95% C.I.) 3.49 (1.25; -0.20, -0.46-0.07) 3.69 (1.29; 0.00, -0.26-0.26) 3.72 (1.24; 0.04, -0.33-0.40) 3.69 (1.16)
*p≤0.05, ** p≤0.001 v. Controls 1. Categorical variables (child gender, maternal education, parity, child ethnicity): percentages (odds ratios, 95% confidence intervals).2. Continuous variables (maternal age at delivery, family income): means (standard deviations; B, 95% C.I.).3. Family Income per Week Coding: 1=<£100; 2=£100; 3=£200; 4=£300; 5=>£400
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Table 7 Sample 2: socio-demographic characteristics for children assessed at each testing point.Age 8 ½ Age 10 ½ Age 13 ½ Age 13½ (questionnaire)
Child Gender (male), N (%) 489 (42.8) 457 (49.5) 407 (50.0) 515 (51.3)
Marital Status at Enrolment
(married), N (%) 728 (63.7) 688 (74.5) 681 (83.7) 776 (75.8)
Child Ethnicity (white), N (%) 821 (71.8) 775 (83.9) 785 (96.4) 992 (96.9)
Maternal Education (≥ A level), N (%) 454 (39.7) 430 (46.5) 417 (51.2) 477 (46.6)
Maternal ED, N (%)Restricting and Excessive Exercising 127 (11.1) 96 (10.4) 82 (10.1) 113 (11.0)Purging 67 (5.9) 54 (5.8) 42 (5.2) 52 (5.1)Bingeing 68 (5.9) 55 (6.0) 44 (5.4) 59 (5.8)Bingeing & Purging 71 (6.2) 62 (6.7) 50 (6.1) 60 (5.9)
Lowest Combined Parental Social Class
(Manual: III-manual – V) N(%) 84 (7.3) 86 (9.3) 80 (9.8) 93 (9.1)
Maternal Age at Delivery, m (SD) 29.80 (4.45) 29.73 (4.46) 29.65 (4.42) 29.65 (4.40)1. Categorical variables (child gender, maternal education, child ethnicity, social class): numbers and percentages2. Continuous variables (maternal age at delivery,): means (standard deviations).
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Table 8 Sample 2: Comparison of socio-demographic data between index groups, for children who were assessed at 8 years old.
Restricting Purging Bingeing Bingeing & Purging
Unexposed
n = 127 (%) n = 67 (%) n = 68 (%) n = 71 (%) n = 764
Child Gender (male)% (OR, 95% C.I.) 44.9 (1.86, 0.78-1.79) 37.3 (0.74, 0.43-1.27) 39.7 (0.88, 0.51-1.51) 40.8 (0.89, 0.52-1.50) 42.9
Marital Status at Enrolment
(married) % (OR, 95% C.I.) 55.1 (0.79, 0.44-1.45) 58.2 (0.66, 0.32-1.38) 55.9 (0.72, 0.34-1.53) 56.3 (0.49, 0.25-0.93)* 67.5
Maternal Education (≥ A level),   % (OR, 95% C.I.) 31.5 (0.80, 0.51-1.26) 40.3 (1.11, 0.62-1.98) 33.8 (0.94, 0.51-1.72) 45.1 (1.37, 0.77-2.43) 41.5
Child Ethnicity (white)% (OR, 95% C.I.) 62.2 (0.87, 0.25-2.99) 67.2 (0.37, 0.12-1.13) 63.2 (0.71, 0.16-3.13) 66.2 (0.52, 0.15-1.80) 75.9
Parity (multi-parity)% (OR, 95% C.I.) 33.9 (1.01, 0.64-1.60) 34.3 (0.92, 0.50-1.67) 35.3 (0.95, 0.53-1.73) 43.7 (1.23, 0.70-2.16) 41.4
Lowest Combined Parental Social
Class (Manual: III-manual – V)% (OR, 95% C.I.) 5.5 (0.81, 0.36-1.83) 9.0 (1.30, 0.53-3.18) 4.4 (0.63, 0.19-2.10) 7.0 (0.92, 0.35-2.40) 8.2
Maternal Age at Deliverym (SD; B, 95% C.I.) 29.47 29.49 29.83 29.20 29.97(4.75; -0.45, -1.46-0.56) (5.35; -0.43, -1.72-0.87) (5.04; -0.09, -1.41-1.23) (4.55; -0.71, -1.95-0.53) (4.28)
*p≤0.05, ** p≤0.001 v. Controls 1. Categorical variables (child gender, maternal education, parity, child ethnicity): percentages (odds ratios, 95% confidence intervals).2. Continuous variables (maternal age at delivery, family income): means (standard deviations; B, 95% C.I.).3. Family Income per Week Coding: 1=<£100; 2=£100; 3=£200; 4=£300; 5=>£400
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3.6 Statistical Analyses
All analyses were carried out using SPSS version 18.0. Results presented are two-tailed and the standard significance level of 0.05 was used to determine differencesbetween exposed and unexposed groups. For all analyses, exploratory statisticswere conducted to investigate whether data fulfilled the assumptions forparametric testing (i.e. normal distribution). For data that did not fulfill parametricassumptions, normalization of data was attempted. Where data could not benormalized variables were dichotomized to allow for parametric testing, so that infurther analyses it was possible to adjust for the relevant confounders andmediators.
3.6.1 Power CalculationsDue to the fact that an existing longitudinal cohort was employed for the studies inthis thesis, preliminary power calculations were not relevant as group sizes couldnot be increased. However, using the smallest and largest group sizes, power wascalculated for small (0.2), medium (0.5) and large (0.8) effect sizes according toCohen’s recommendations; when using the standard two-tailed significance levelof p = 0.05. This study was found to have >70% power to detect differences with alarge effect size between the smallest and largest exposed and unexposed groups;and 10 – 30% power for detecting differences with small to medium effect sizes.The nature of high risk research means it is possible that only small sized effectswill be observed. Due to the low power of the studies in this thesis to detect small
effect sizes, it was decided that trends towards significance (≤ 0.1) would also be taken into consideration when interpreting results.
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3.6.2 Attrition
Selective attrition was assessed for each study and is reported in relevant chapters.Missing socio-demographic data (potential confounders and mediators) weredetermined to be missing at random: meaning that systematic differences betweenmissing and observed values are likely to be explained by differences in theobserved data. As a result, multiple random imputation was used to imputemissing socio-demographic data. For all analyses, ten imputed data-sets werecreated and combined to obtain valid overall estimates, according to the rules setout by Rubin (Rubin, 2008).
3.6.3 Ethical Approval
Ethical approval for the studies in this thesis was obtained by the ALSPAC Law andEthics committee, and local research ethics committees.
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3.7 Methodological Considerations
3.7.1 Suitability of the Sample: the strengths and limitations of
investigating the effects of a disorder in a general population
sample
Sample SizeA key strength of the studies in this thesis is the use of a large general populationcohort: ALSPAC. As described in chapter 2, the majority of studies investigatingcognitive functioning in eating disordered groups (or first degree relatives) usesmall samples, increasing the risk of making a type II error. Previous experimentshave shown that the effects of an ED (the independent variable) on cognitivefunctioning (the dependent variable) are large enough to be detected in clinicalgroups using small or medium samples. Due to the lack of research investigatingthe cognitive development of children at high risk (i.e. children born to womenwith an ED), it is difficult to predict the necessary sample size to detect differencesbetween children at risk and children who are not. It is possible that lack ofnutrition associated with having an ED might exaggerate any pre-existing cognitiveimpairments in clinical groups, increasing the size of the effect. This is unlikely tobe the case with our sample of children at risk, who were assessed at a youngenough age that they are unlikely to have developed any severe ED cognitions orbehaviours. Using a large sample increased the power of our studies; making itless likely that small effects would be missed, and that the null hypothesis wouldbe incorrectly rejected. It is worth noting however that due to the prevalence of EDbeing low, and the general attrition over time in ALSPAC, exposed groups (i.e.maternal ED) are still relatively small. This may mean that subtle differences arenot detected due to a loss of power.
Representativeness: Clinical versus Population SamplesThe majority of studies investigating cognitive functioning in ED groups useclinical samples, with participants being selected due to their association to someform of inpatient or outpatient treatment. This is limiting for a number of reasons.Firstly, there is an inherent selection bias in using clinical groups to recruitparticipants. Cases who attend clinics for treatment of an ED are different from
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cases that do not, therefore findings might only be generalizable to cases withsevere disorder. Secondly, research suggests that 26-60% of individuals with anED are unlikely to receive treatment or be identified by the health care system(Fairburn & Harrison, 2003; Keski-Rahkonen, et al., 2007; Mond, Hay, Rodgers, &Owen, 2007). Though this is partly due to severity, it is possible that this is alsodue to other factors such as the availability of treatment options in the area, or thewillingness of an individual to seek help. Thirdly, many studies use participantsthat have been selected from both inpatient and outpatient treatment groups. Thismeans that samples are heterogeneous with regard to their level of severity andBMI, and also their exposure to treatment. Lastly, research suggests thatindividuals who receive specialist treatment for their ED are also likely to sufferfrom comorbid disorders such as anxiety and depression; and additional featuressuch as self-injurious behaviours (Paul, Schroeter, Dahme, & Nutzinger, 2002).Considering these limitations, it is fair to conclude that studies using clinicalsamples are not representative of the whole ED population, and findings fromthese studies cannot be generalized to less severe cases. It is therefore importantthat findings from studies using clinical samples are replicated in communitysamples to determine their relevance and impact on different ED groups.
In addition to the limitations of clinical research with regard to ED groups, thereare also limitations with regard to control groups. In chapter one, the lack of acontrol group for comparison in many studies investigating cognitive impairmentshas been discussed. Furthermore, when a control group is employed forcomparison, it is common for this control group to be recruited from samples ofundergraduate students or hospital staff. This method of recruitment is likely tolead to bias.
Confounders and MediatorsMuch of the research investigating cognitive functioning in ED groups is limited bythe lack of data on variables that could potentially confound or mediate effects. Inaddition to the main exposure variable, in our case high-risk for ED, there are othervariables that could affect outcome (children’s cognitive development).Confounders are associated to both the exposure and the outcome variable, but
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affect the outcome through a different causal pathway. They therefore representalternative explanations for some or all of the effect observed. In contrast, amediator (i.e. maternal education) lies on the causal pathway between theexposure of interest and the outcome. This means that though a mediator has aneffect on the outcome it does not represent an alternative explanation of the effectobserved, but rather it mediates the effect of the exposure variable on the outcomevariable. Studies in the literature that do not consider additional variables thatcould potentially confound or mediate effects are limited. Accounting for theseadditional factors could diminish the association between ED and cognitivefunctioning; therefore it is possible that in these studies the true effect is smallerthan has been supposed. Adequate consideration of additional risk factors is vitalto prevent type I errors.
Investigating a General Population SampleThe studies in this thesis use a general population cohort (ALSPAC), which canhelp minimize many of the limitations outlined above. ALSPAC is a largepopulation study with high response rates; providing a much larger sample foranalysis. The use of this large sample increases the power of our investigations. Ashighlighted above, this is particularly pertinent to the studies in this thesis, as theeffects observed were predicted to be comparatively small. Due to the lowprevalence of ED in the general population, a population cohort that was not aslarge as ALSPAC may not provide enough ED cases to make reliable inferences.ALSPAC provides an opportunity to investigate effects of interest in a populationsample, reducing the selection bias that is inherent in investigations of clinicalsamples; as well as making it more possible to generalize results to the whole EDpopulation. Due to being a population based study, ALSPAC also provides a controlpopulation for comparison that is more representative of the general populationthan those recruited for most clinical studies. Finally, ALSPAC has collected a largequantity of additional data pertaining to socio-demographic and environmentalfactors. This additional information makes it possible to adjust for factors that mayconfound or mediate associations. Though many studies may have enough data toadjust for one or two potentially confounding factors, the effect of confounding canbe cumulative. The wealth of additional data collected as part of the ALSPAC study,
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combined with the power of a large sample, means that several confounders can betaken into account; making inferences more reliable. For all of the studies in thisthesis potentially confounding factors have been adjusted for statistically, makingit possible to discover what the association between risk factor and outcomewould be if groups were identical on the confounding variables.
3.7.2 Eating Disorder ClassificationInvestigations conducted with large population cohorts have clear advantages;however, diagnostic classification of a sample the size of ALSPAC can be difficult.For two of the studies in this thesis: study one (chapter four) and study four(chapter six) high risk status of the children was determined by maternal self-reported ED in pregnancy. Though clinical interviews are considered to be the“gold standard” in psychiatric research, there are practical limitations toconducting clinical interviews with a large population cohort. The time and cost ofconducting a large number of interviews cannot be ignored, and the manyinterviewers necessary would raise concerns about consistency and reliability. Inaddition, participants may find it more difficult to report history of an ED in a faceto face interview, while questionnaires maintain the feeling of anonymity. Thisreluctance to discuss ED history is likely to be exaggerated in a population sampleof women as they are less likely to have received treatment or previouslydiscussed their disorder, in comparison to a clinical sample of women who willhave experienced diagnostic interviews before and may be more comfortabletalking about their ED.
An alternative to self-report and clinical interview is to assess history of an EDusing a diagnostic screening tool. However, evidence suggests that many screeninginstruments yield higher sensitivities and specificities when used with clinicalcase-control samples, than when used with population samples (e.g. Jacobi,Abascal, & Taylor, 2004; Luck, et al., 2002; Mond, Hay, Rodgers, Owen, & Beumont,2004). It must also be taken into consideration that a short screening scale (i.e.“Have you ever had anorexia? / Have you ever had bulimia?”) is more likely to beincluded in a bigger survey (like those used in ALSPAC), and can be expected to
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have a higher completion rate (Streiner, 1995). Despite this, research suggests thatmore complex behaviours such as binge eating, or ED cognitions such as weightand shape concerns, are better assessed via interview methods (Fairburn, 1994;Peterson, et al., 2007). With regard to diagnosis however, there is evidence thatself-report of AN or BN is predictive of a broad diagnosis (0.80 and 0.75respectively), and out-performs longer screening measures such as the EatingDisorder Inventory (Garner, 1991a; Keski-Rahkonen, et al., 2006).
Despite the evidence supporting the use of self-report in population samples, it isimportant to consider the limitations. The difference between a diagnosis of ANand BN is complex and self-report may have been incorrect for women who neversought help or received a diagnosis from a clinician. It is also possible that somewomen answered no to history of an ED because they were unaware that they hadpreviously been diagnosable, or they did not want to reveal their illness. However,the questions used have been found to be highly sensitive in a general populationsample indicating the likelihood of false positives rather than false negatives(Micali, et al., 2012). The relationship between the self-reported diagnoses used inthis thesis cannot be mapped onto DSM criteria, particularly as the ED categoryEDNOS also did not exist at the time maternal ED was assessed. However asdiscussed above, behavioural data provide support for the validity of the self-report diagnosis used in this thesis (Micali, Simonoff, & Treasure, 2007a). Inaddition, the prevalence of ED in this sample was 3.7% overall: 1.4% for AN; and1.6% for BN. Although this is high in comparison to other prevalence estimates forwomen of childbearing age: 0.2 – 1.5% for AN and 0.4 – 0.8% for BN; when takingpartial ED diagnosis into account, prevalence increases to approximately 5%(Striegel-Moore, et al., 2006). This suggests that a sub-set of the women reporting ahistory of AN, BN or AN+BN would have been classified as EDNOS if clinicalinterviews were used to determine maternal diagnosis, and if EDNOS has existedas a ED category at the time.
The optimal method of conducting epidemiological surveys of eating disorders is atwo-stage screening procedure which consists of a self-report screeningquestionnaire, followed by a semi-structured diagnostic interview (Hoek & van
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Hoeken, 2003; Jacobi, Abascal, et al., 2004). This method has been adopted forstudies two (chapter four) and five (chapter six), where high risk status in thechildren is determined by lifetime history of ED behaviours in mothers. For thesetwo studies a screening measure was sent to the eligible cohort; then a semi-structured interview was conducted with a sub-sample of the mothers thatcompleted the screening measure (detailed above).
It is worth noting here that in this thesis findings from studies using maternal self-report of an ED diagnosis as the exposure variable (studies one and four) cannotbe directly compared with findings using maternal lifetime ED behaviours as theexposure variable (studies two and five). Data on maternal self-report EDdiagnoses were collected by ALSPAC at 12 weeks gestation, whereas data onmaternal lifetime ED behaviours were collected when the study children werebetween 18 and 20 years of age. This means that the data on maternal EDbehaviours are inclusive of any ED symptoms with an onset after the pregnancywith the study child, while data on self-report diagnosis are not.
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Chapter 4
The Neuropsychological Profile of Children at High
Risk of Developing an Eating Disorder
4.1 Intelligence, Global Cognition, and Executive Functioning in
Children at High Risk of Developing an Eating Disorder
Study one from this chapter has been published as an original article: Kothari, R.,Solmi, F., Treasure, J. & Micali, N. (2012) The Neuropsychological Profile ofChildren at High Risk of Developing an Eating Disorder. Psychological Medicine,Available on CJO 2012 doi:10.1017/S0033291712002188
4.1.1 Introduction
As discussed in chapter one, a great deal of research has been conducted into theneuropsychological profile of individuals with an ED. There are contradictions inthe literature, with some studies finding differences between ED groups andhealthy controls, and others not. This has been discussed extensively in chaptertwo, but a brief summary is provided below.
Anorexia NervosaOverall, evidence suggests that women with AN exhibit comparatively high IQ(Lopez, et al., 2010) and comparable or better working memory capacity (e.g.Bosanac, et al., 2007; Hatch, et al., 2010; Nikendei, et al., 2011), in comparison tohealthy controls. There is also evidence of AN groups having deficits in a range ofattentional processes including selective attention (e.g. Fowler, et al., 2006),divided attention (e.g. Ohrmann, et al., 2004), sustained attention (e.g. Seed, et al.,2000), allocation of attentional processing (e.g. Bosanac, et al., 2007), andswitching of attention (e.g. Stedal, et al., 2011). Studies investigating behaviouralinhibition, especially those that use the stop-signal task, are scarce and provide
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mixed findings (e.g. Claes, et al., 2006; Galimberti, et al., 2011). With regard tovisuo-spatial functioning, there is overwhelming evidence for the presence ofimpairments using a range of tasks (e.g. Fowler, et al., 2006; Lopez, Tchanturia,Donaldson, Sepulveda, & Treasure, 2006; Stedal, et al., 2011; Tenconi, et al., 2010).Investigations using the tasks employed in the present study have revealed lowerscores on the object assembly task (I. Gillberg, et al., 2007; Green, Rogers, Elliman,& Gatenby, 1994), the picture completion subtest (Kingston, et al., 1996), and theblock-design task (Andres-Perpina, et al., 2011), in comparison to healthy controls.
Studies investigating working memory capacity in weight restored or recoveredAN groups also indicate comparable or superior levels of working memoryperformance (Bosanac, et al., 2007; Hatch, et al., 2010; Nikendei, et al., 2011). Withregard to attentional functioning, there is evidence indicating that impairments inselective attention, divided attention, sustained attention, and switching ofattention improve with recovery (Hatch, et al., 2010; Lauer, et al., 1999);suggesting deficits are state dependent and unlikely to be present prior to onset.This evidence is limited by the small number of studies conducted however; andperformance on tasks measuring other attentional constructs has not yet beeninvestigated in recovered groups. To date there are no studies investigatingbehavioural inhibition (as measured by the stop-signal task), in recovered ANgroups; however a study investigating a sub-clinical population has found evidenceof deficits in restrained eaters (Nederkoorn, et al., 2004), suggesting impairedbehavioural inhibition may be present prior to onset of clinical level AN. Withregard to visuo-spatial functioning, the results of one study: assessing theperformance of recovered AN patients and first degree relatives of probands, onboth the block-design and object assembly tasks; has provided evidence forimpairments in visuo-spatial functioning being independent of illness state and aputative intermediate phenotype of AN (Tenconi, et al., 2010).
Bulimia NervosaLess research has been conducted investigating neuropsychological functioning inindividuals with BN. The few studies investigating intelligence and workingmemory capacity have found no differences in comparison to controls (Bosanac, et
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al., 2007; Brand, et al., 2007; Galderisi, 2010; Lauer, et al., 1999); and no studieshave been conducted with recovered groups or first-degree relatives. With regardto attentional functioning, BN patients have been found to show impairments inattentional control (Dobson & Dozois, 2004), selective attention (Van den Eynde,Guillaume, et al., 2011), divided attention (Lauer, et al., 1999), and allocation ofattentional processing (Bosanac, et al., 2007); while findings regarding sustainedattention are mixed (Van den Eynde, Guillaume, et al., 2011). Similar to findingsfrom studies investigating weight restored or recovered AN patients; recovered BNpatients show pronounced and significant improvements in selective and dividedattention (Lauer, et al., 1999), suggesting the deficits observed are a consequenceof the illness, rather than a possible causal factor that is present prior to onset.Studies investigating behavioural inhibition have provided some evidence forimpaired functioning (Claes, et al., 2011; Rosval, et al., 2006); however studiesusing the stop-signal task are limited and findings are mixed (Boisseau, et al., 2012;Claes, et al., 2006). With regard to visuo-spatial functioning, studies using the tasksemployed in the current study are too few to draw any conclusions.
As discussed previously, it is possible that the differences observed are presentprior to onset, and may contribute towards the development of an ED. Theopposite: that cognitive impairment follows onset of an ED, is also possible.Deficits observed in clinical studies might be a secondary effect of other features ofthe disorder, such as low nutritional intake. Also, continued impairments observedin subjects who have recovered from an ED could be long-term effects or scars ofthe disorder. One method of investigating cognition prior to onset of a disorder isto investigate the cognitive profile of individuals that are at a higher risk ofdeveloping that disorder. Evidence indicates that the deficits in neuropsychologicalfunctioning and emotion recognition that are observed in probands are alsoobserved in children at high risk of developing schizophrenia (e.g. Amminger, et al.,2011; Cornblatt & Erlenmeyer-Kimling, 1985; Davalos, 2004; Eack, 2010;Erlenmeyer-Kimling & Cornblatt, 1987; 2008; Rutschmann, et al., 1977);depression (e.g. Mannie, 2007; Monk, et al., 2008); and bipolar disorder (e.g.Brotman, et al., 2008; Melissa, et al., 2008); and the high risk research design has
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been shown to be an effective way of identifying intermediate phenotypes forthese disorders.
The first-degree relatives of ED probands can be considered high risk (discussedextensively in chapter 2). If they also show impaired/superior functioning, thesecognitive differences can be considered state independent and putativeintermediate phenotypes of ED. Though such studies have been conducted they arefew and far between, investigating limited neuropsychological constructs andusing relatively small samples (Holliday, et al., 2005; Roberts, et al., 2010; Tenconi,et al., 2010).
To summarise, neuropsychological differences observed in patients and recoveredsubjects may not be present prior to onset of an ED. One method of exploring thisis to investigate samples that are considered to be at high risk of developing andED. The present research is the first study to investigate the neuropsychologicalprofile of children at high risk of developing an ED, who are young enough not tohave developed any ED cognitions or symptoms. This is also the first high riskstudy in the field of ED that employs a large community sample; making it possibleto generalize findings to the general population, not just clinical groups.
4.1.2 Aims & Hypothesis
The aim of this study was to investigate the neuropsychological profile of childrenat high risk for an ED, in comparison to children who are not. In particular the aimwas to determine whether cognitive development: specifically intelligence andglobal cognition; working memory; attention; and inhibition; was impaired inchildren at high risk of developing an ED. Based on previous literature thehypotheses were that in comparison to the children of healthy control mothers,children at risk of AN (due to being born to a mother with AN) would showcomparatively higher intelligence (Lopez, et al., 2010); comparable or superiorworking memory capacity; worse performance on the TEA-Ch as a measure ofattention (e.g. Dobson & Dozois, 2004; Faunce, 2002); and poorer visuo-spatial
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functioning (e.g. Tenconi, et al., 2010). It was also hypothesized that children atrisk of AN were more likely to score in the poorest 10% on outcomes of theReaction Time task as a measure of attention. Due to the paucity of evidencepertaining to neuropsychological functioning in BN groups, clear hypotheses couldnot be made.
4.1.3 Methods
4.1.3.1 DesignLongitudinal prospective.
4.1.3.2 ParticipantsSample size for each analysis was dependent on both maternal data on EDexposure, and child data on neuropsychological functioning being present.Inclusion and exclusion criteria for this study are detailed in the chapter 3 (Aimsand Methodology). Final sample sizes for each analysis can be found in the relevantresults tables. Assessments were conducted when children were approximately 8(intelligence and attention), 10 (working memory and inhibition), and 13(attention) years of age, with mean ages being: 103.8 months, 127.8 months, and150 months; respectively.
4.1.3.3 Measures
ExposureAt 12 weeks gestation, the mothers completed a questionnaire about their health.All women were asked whether they had a history of Anorexia Nervosa (AN)and/or Bulimia Nervosa (BN). Of the women that responded, 446 reported ahistory of lifetime ED: AN (171), BN (194), or both (81).
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Outcomes: Cognitive assessment of Children
General Intelligence & Domain Specific Cognitive Functioning: The WechslerIntelligence Scale for Children, 3rd edition (WISC)Intelligence and cognitive function was assessed at age 8 using the WechslerIntelligence Scale for Children, 3rd UK edition (Wechsler, Golombok, & Rust, 1992),the most current version of the WISC at the time. This measure of intelligence isbased on Wechsler’s theory that intelligence is not a solitary ability, but is instead aglobal capacity made up of a variety of factors including memory, reasoning andcognitive ability. Wechsler believed that different skills were used in differentways, depending upon the demands of the task at hand; therefore a variety of taskswas required to capture the global concept of intelligence (Wechsler, 1981). At thistime the WISC-III was one of the most frequently used assessments of cognitiveability for both clinical and general populations of children; and it has excellentinternal consistency, construct validity, criterion validity and test-retest reliability(Sattler, 2001).
A short form of the measure was used, where alternate items of each subtest wereadministered, except for the coding subtest which was administered in full. All ofthe ten sub-tests were considered individually, as well as the summary scores;Performance IQ (PIQ), Verbal IQ (VIQ), and Full-scale IQ (FIQ). In addition, threeout of the four available factor based index scores for the WISC-III were alsoconsidered; the verbal comprehension index, the perceptual organisation index,and the freedom from distractibility index. The forth factor based index score wasunavailable as it requires the result of an optional sub-test, the symbol search,which was not administered. As part of the assessment the children were alsoassessed using a forwards and backwards digit span task. Though this measure isoften described as an assessment of working memory, it is questionable whether itreally fulfils the requirement of information processing that is necessary for thisclassification. Below are descriptions of each sub-test and the skills they aim toassess; and also an explanation of summary and index scores.
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Verbal Subtests
InformationThe information subtest is made up of oral, general knowledge questions. It is ameasure of general cultural knowledge, acquired facts, long-term memory andrecall (Blatt & Allison, 1968; Sattler, 1974). High scores on this subtest could be aresult of good verbal skills or long-term memory; a good education or increasedcultural exposure; or a strong ability to learn and recall specific or factualinformation. Low scores may be indicative of limited educational or culturalbackground; low socio-economic condition; poor memory or verbal abilities(Nicholson & Alcorn, 1993).
SimilaritiesIn the similarities subtest, the child must explain how two different things (e.g.,horse and cow), or two different concepts (e.g., hope and fear) are similar. Itmeasures abstract reasoning and logical thinking (Sattler, 1974). High scores onthis subtest could be due to good logical thinking or verbal capacities, but couldalso indicate some removal from reality. Low scores could be caused by poorabstract reasoning, logical thinking, or verbal capabilities (Nicholson & Alcorn,1993).
ArithmeticThe arithmetic subtest consists of a series of mental arithmetic problems that aredescribed verbally and presented orally. The child is required to solve theproblems without paper. This test is a measure of mental arithmetic, numericalreasoning and accuracy, attention and concentration (Sattler, 1974). A high scoreis indicative of good focused attention and short-term memory; good educationalbackground and ability to do simple calculations; freedom from distractibility; orpossibly obsessive-compulsive personality. Low scores on this sub-test could bedue to poor attentional or short-term memory capacities; inattention,distractibility or a lack of concentration; poor numerical skills; an inability to dealwith concrete concepts; or anxiety (Nicholson & Alcorn, 1993).
108
VocabularyIn this subtest, the child is required to give oral definitions of various words todemonstrate understanding of their meaning. It is a measure of verbal fluency andlanguage development (Sattler, 1974). A high score demonstrates a good commandof language, good communication skills and a well-developed ability to expressoneself. High scores could also be due to good educational and culturalbackground, or possibly obsessive-compulsive personality. Low scores in this sub-test are indicative of poor verbal fluency and language development. This could bedue to poor educational or cultural background; social withdrawal or a speechdefect (Nicholson & Alcorn, 1993).
ComprehensionIn the comprehension sub-test, children are asked questions on different topicsassessing their social knowledge and practical understanding, e.g., why are thenames in the telephone book in alphabetical order? The questions are designed tomeasure common sense, moral conscience, and social development (Sattler, 1974).High comprehension scores are indicative of good social and verbal development,an ability to get along with others, and a good understanding of the rules of society.A low score could be a sign of low social intelligence or understanding; socialisolation or a speech defect, poor common sense or possibly problems withplanning (Nicholson & Alcorn, 1993).
Performance Subtests
Picture CompletionThis task requires the child to identify the missing parts of familiar pictures, andmeasures attention to detail and visual discrimination. There is also a requirementfor the child to be able to separate the essential and non-essential parts of thepicture from the whole (Sattler, 1974). High scores could be revealing goodattention to detail, visual memory, or concentration capacities. Low scores may
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indicate a lack of attention to detail or poor concentration, poor visual memory, orpossibly anxiety (Nicholson & Alcorn, 1993).
CodingIn this sub-test the child has to copy shapes which correspond to particularnumbers as quickly as possible. The task assesses visual-motor coordination,associative visual learning, and visual short-term memory; as well as speed,concentration, and fine-motor dexterity (Sattler, 1974). High scores imply goodvisual memory and learning, good hand-eye coordination, and possibly aperfectionist personality. Low scores could be due to poor visual memory orassociative learning, distraction, or an inability to sequence (Nicholson & Alcorn,1993).
Picture ArrangementThe child is required to order groups of cartoon pictures so that they make asensible and meaningful story. This subtest assesses planning and logical thinking,social knowledge, and the ability to interpret the actions depicted in thepictures(Sattler, 1974). High scores show an ability to understand theconsequences of actions, good sequencing abilities, and a good knowledge andunderstanding of the social environment. Low scores could be a symptom ofwithdrawal or poor empathy, as well as poor sequencing skills and socialknowledge (Nicholson & Alcorn, 1993).
Block DesignIn the block design task, the child is required to recreate pictures showinggeometric designs with real coloured blocks. It assesses the child’s ability toanalyse and synthesize an abstract design; so assesses spatial analysis skills andabstract visual problem solving abilities (Sattler, 1974). High scores reveal goodvisual motor coordination and perceptual organisation ability; and possible aperfectionist personality. Low scores signal poor perceptual skills and visual motorcoordination, difficulties dealing with the abstract, and possible figure-grounddeficits(Nicholson & Alcorn, 1993).
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Object AssemblyThe child is required to put together puzzles of cut-apart silhouette object. Thissubtest measures the ability to visualize component parts of a whole concreteobject, and reassemble them (Sattler, 1974). High scores suggest a good visualintegrative reasoning style, good visual motor coordination and visual memory.Low scores could be a sign of perceptual difficulties, figure-ground deficits, poorvisual memory or visual motor coordination (Nicholson & Alcorn, 1993).
Summary Scores
Full-scale IQ (FIQ)A summary score of all scaled verbal and performance subtest scores, thissummary score is representative of the child’s overall level of intelligence andglobal cognition.
Verbal IQ (VIQ)A summary score of all scaled verbal subtest scores, the VIQ is an expression of thechild’s verbal ability; language development; and social and culturalunderstanding. It is a good predictor of school achievement, but is languagespecific.
Performance IQ (PIQ)A summary score of all scaled performance subtest scores, the PIQ is a reflection ofnon-verbal skills and problem solving abilities. It is also less reliant on culturalknowledge and could be considered similar to Catell’s construct of fluidability(Nicholson & Alcorn, 1993).
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Factor/Index Scores
Verbal Comprehension IndexThis factor or index score is indicative of the child’s verbal knowledge andunderstanding, particularly knowledge obtained through formal education. Highscores could be a reflection of extensive exposure to culture, education, or theenvironment generally; as well as good verbal skills. Low scores indicate pooreducation or exposure to the environment, and could be a sign of verbal skills or aspeech problem (Nicholson & Alcorn, 1993).
Perceptual Organisation IndexThis factor or index score is representative of the child’s ability to interpret andorganise visually perceived materials. Low scores could be a sign of possibleperceptual problems, or an inability to organise visually (Nicholson & Alcorn,1993).
Freedom from Distractibility IndexThis factor or index score is reflective of the child’s ability to focus their attentionand concentration. Low scores indicate distractibility or an inability to concentrateon a particular stimuli/problem (Nicholson & Alcorn, 1993).
Working Memory: The Counting Span TaskWorking memory capacity was assessed at 10 years of age using the counting spantask (Case, Kurland, & Goldberg, 1982), a computer based task which has both aprocessing component and a storage component. In this computer based task thechild was presented with a set of screens showing red and blue dots on a whitebackground. For each screen, the child was required to count the number of reddots aloud (processing component). At the end of each set, the child was asked torecall how many red dots were on each screen in order (storage component).Initially two practice sets of two screens were completed. Following this the childcompleted three sets of two screens, three sets of three screens, three sets of fourscreens and finally three sets of five screens. All of the sets were worked throughregardless of performance. The computer program automatically calculated twofinal scores: the global score which indicates the number of trials that the child
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responded to correctly; and the span score which is based on the number of setsthat were correctly recalled, weighted by the number of screens within each set.The span score, representative of working memory span, is the main outcomemeasure for this assessment; possible scores range between 0 and 5.
Attention: The Test of Everyday Attention for Children (TEA-Ch)Selective attention, divided attention and attentional control were assessed at age8 using three subtests from the Tests for Everyday Attention for Children (Manly,et al., 2001). This battery of tests is based upon an assessment of differentialattention for adults, the Test of Everyday Attention (TEA)(Robertson, Ward,Ridgeway, & Nimmo-Smith, 1996), and has been validated for use in both clinicaland general population samples (Manly, et al., 2001).
Selective Attention: Sky SearchThis task assessed the child’s ability to selectively attend while filtering outirrelevant and distracting information. The child was presented with a sheetshowing rows of paired spacecrafts. In most of the pairs the spacecrafts weredifferent to each other, but in a few they were identical. The child was instructed tocircle the identical pairs of spacecrafts as quickly as possible without missing anyout, and then tick a box to signal that he/she has circled all of the identical pairsthey could find. Initially the child completed a practice sheet, and the tester wentthrough any errors. Following this, a larger sheet was presented to the childcontaining a greater number of space craft pairs, twenty of which were identical.The final score for this task is the average time taken to find and circle each pair ofidentical spacecrafts (controlled for motor performance); therefore a lower scoreis representative of better performance.
Divided Attention: Sky Search (Dual Task Measure)To assess the child’s ability to effectively divide attention across two tasks, thechild repeated the above sky search task, while simultaneously being playedseveral series’ of spacecraft noises. As well as circling all of the identicalspacecrafts as quickly as possible, the child was also required to silently count thenumber of spacecraft noises they heard and give a total at the end of each series
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throughout the counting task. A practice trial was administered prior to theexperimental trial, and the child was given the opportunity to discuss anyproblems with the task. The final score is the average time taken to find and circleeach pair of identical spacecrafts (controlled for motor performance), weighted byperformance on the counting part of the task. Scores were calculated so that poorcounting performance inflated the average time taken to circle each space craft, (asdetailed by the manual); therefore a lower score is representative of betterperformance.
Attentional Control: Opposite WorldsThis task was used to assess the child’s ability to inhibit pre-potent verbalresponses. The child was shown a trail of 24 numbers, made up only of 1’s and 2’s.In the control condition (same world trial) the child was required to read out eachnumber in turn as quickly as possible. In the experimental condition (oppositeworld trial), the child had to give a verbal response that contradicted the visualinformation they were given, calling out “1” for each 2 in the trail, and “2” for each1 in the trail. In both conditions the tester kept their finger next to the number inthe trail that the child was required to respond to, only moving his/her finger tothe next number in the trail when the child answered correctly. In this way, anyerrors showed up as a time penalty. The child was given a demonstration and apractice trial of each condition, followed by four test trials; a same world trial, twoopposite world trials, and finally another same world trial. The purpose of thesame world trial was to reinforce the pre-potent response of reading the numbersout correctly, and identify any difficulties the child may experience. The final scorefor this task is the average time taken across the two opposite world trials;therefore a lower score is representative of better performance.
Attention: The Reaction Time TaskThe Reaction Time Task, administered when the children were 13 years of age, ismade up of three computer based assessments (described below) designed tomeasure attention and information processing. This measure is part of theCognitive Drug Research battery, and has been shown to be reliable and valid for
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use with both clinical populations and young, middle-aged and older non-clinicalpopulations (Wesnes, Ward, Ayre, & Pincock, 1999).
Simple Reaction TimeThis task is a pure measure of reaction time to an expected event; assessingalertness, concentration and speed. The child is required to await the presence ofthe word “yes” on the screen, and respond as quickly as possible by pressing thecorresponding key. One score is derived, Simple Reaction Time, (measured inmilliseconds). A lower score is therefore indicative of better performance.
Choice ReactionThis task is a measure of reaction time and identification of the correct stimulus;assessing alertness, concentration, speed and information processing. The child isrequired to await the presence of the word “yes” or “no” on the screen, andrespond as quickly as possible by pressing the corresponding key. Two scores arederived. The first is Accuracy, which reflects accuracy of responses (measured inunits), and a higher score is indicative of better performance. The second is Speed,which reflects the average time taken to respond (measured in milliseconds), and alower score represents better performance.
Digit VigilanceThis task is a measure of sustained vigilance where a lack of continued attention ordistraction can lead to targets being missed and lower scores. The child ispresented with one number on the right hand side of the screen, and a series ofchanging numbers in the middle of the screen. Whenever one of the numbers in themiddle of the screen matches the number on the right, the child has to press thecorresponding key as quickly as possible. Three scores are derived. The first isTargets Detected, which reflects the number of digits correctly identified, and ahigher score represents better performance. The second is Speed, which reflectsthe average response time of target detection, and a lower score is indicative ofbetter performance. The third is False Alarms, which reflects the number ofincorrect key presses, and a lower score represents better performance.
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The administrator read out the instructions prior to the start of each task andmade sure to check that the child understood. If the child was unsure theadministrator demonstrated and then restarted the task for the child to complete.Two main summary scores are derived from the different scores highlightedabove. The first, Continuity of Attention, is a combination of accuracy scores fromthe Choice Reaction and Digit Vigilance tasks, minus the Digit Vigilance falsealarms. This score represents the ability to sustain attention, and is measured inunits. A higher Continuity of Attention Score is indicative of better performance.The second, Power of Attention, is a combination of speed scores from the threetasks. It reflects the level of effortful concentration and the ability to focusattention, and is measured in milliseconds. A lower Power of Attention scorerepresents better performance.
Inhibition: The Stop-Signal TaskInhibition was assessed at 10 years old using the stop-signal paradigm (Logan,1994), which specifically assesses an individual’s ability to stop a planned or pre-potent behavioural response(Williams, Ponesse, Schachar, Logan, & Tannock,1999). This measure has been shown to be both valid and reliable for use withchildren from the general population, and disordered children (Kindlon,Mezzacappa, & Earls, 1995). Another computer based task, the child placed theirtwo index fingers in two stimulus boxes labeled X and O and had to fixate on asmiley face that was presented on the computer screen. There were two types oftrials in this behavioural measure. In the primary trial, either an X or an O waspresented on the screen (the go-signal) and the child was required to press thecorresponding button as quickly as possible. In the stop-signal trials, the go-signal(X or O) is presented on the screen as above, but is then followed by a bleep (thestop-signal). The outcome of this is that on all trials, the child is expected torespond to the go-signal by trying to press either the X or the O button as quicklyas possible, however on the stop-trials the child is expected to inhibit thisresponse. Initially the children completed a block of 30 primary trials (15 Xs and15 Os), and these trials were used to calculate an individual mean reaction time foreach child. The children then completed a block of 24 practice trials (8 primary and16 stop-signal trials). Two experimental blocks of 48 trials (32 primary and 16
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stop-signal trials) were then completed. On the stop-signal trials, the bleep (stop-signal) was played either 150ms or 250ms before the child’s mean reaction time,as calculated by the primary task trials. Using this design and scoring procedure ofthe stop-signal paradigm means that a child’s stopping efficiency was notassociated with the speed of their response to the go-signal, and the children’sperformance could be assessed by the number of stop-signal trials that theycorrectly responded on (Handley, Capon, Beveriddge, Dennis, & Evans, 2004);therefore a higher score was indicative of better performance.
4.1.3.4 ProcedureThe study was approved by the ALSPAC Law and Ethics Committee and the LocalResearch Ethics Committees.
4.1.3.5 AnalysesAll variables were checked for inconsistencies/outliers using tabulations, graphsand plots. Values that were inconsistent with the relevant assessment were treatedas missing values. The distribution of variables was inspected for normality. Threeoutcome variables from the stop-signal task were not normally distributed (andcould not be transformed); they were therefore transformed into binary variablesusing the bottom 10% as a cut-off.
The association between mother’s eating disorder status and children’s’neuropsychological profile was explored using linear and logistic regression.Confounders that could potentially influence outcomes, as indicated by evidence inthe literature, were initially tested in univariate models, and included in themultivariate analysis if they were associated with both exposure and outcome, andif they were likely to affect the outcome through an alternative causal pathway(see section 3.7: “Methodological Considerations”). Additional analyses werecarried out by including maternal education as a covariate in a third model, due tothis variable potentially being a mediator of effects. All results from measures ofexecutive functioning (attention, working memory and inhibition), were
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additionally co-varied for child Full-scale IQ in a fourth model. SPSS 18 was used
for all analyses. A two-tailed significance level of p ≤ 0.05 was used, but results 
significant to the p ≤ 0.1 level were also highlighted as only small effect sizes were expected.
Missing covariate dataMultiple random imputation was used to deal with missing covariate data. Allpredictor and outcome variables were used as predictors in the imputation model.Missing data were imputed for maternal education, marital status, child ethnicity,family income at age eight, age of child at time of testing, and parity. All analyseswere run on both complete case and imputed datasets for comparison anddifferences were negligible. Due to the fact that complete case analysis is thoughtto suffer from more chance variation, and multiple imputation is assumed tocorrect any bias, only results based on multiple imputation are presented.
4.1.4 Results
4.1.4.1 Attrition & Missingness
AttritionOverall attrition, i.e. children not attending face-to-face assessments, was predictedby a range of socio-demographic factors. A significantly greater proportion ofchildren who attended the relevant assessments at age 8, 10 and 13 were female;white; did not have siblings; came from families with a higher income and/orsocial class; and had parents who were married. Children who attendedassessments also had mothers who were more highly educated and older at thetime of delivery. These variables were included as confounders accordingly.
Additional missingness of specific outcomes was dealt with by testing the role ofrelevant socio-demographic variables as predictors of missing outcome data, byestimating the odds of having missing data across each cognitive assessment.Missingness was predicted in at least one assessment by parity, gestational age,
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child ethnicity, and marital status. These variables were also included asconfounders accordingly.
MissingnessMaternal AN was predictive of missing data on particular WISC subtests at age 8. Asensitivity analysis was done using multiple random imputation to impute themissing outcome variables at age 8, and the data were re-analysed to check for anydifferences. Differences were small and it was concluded that results would not bebiased.
Selective AttritionSelective attrition across index groups was tested for using logistic regression, byestimating the odds of each group having missing data at age 8, 10 and 13. Childrenof women with BN were less likely to have attended assessment sessions at age 8(OR: 0.74, 95% CI: 0.56, 0.98; p = 0.04). No other differences were found.
4.1.4.2 Socio-demographic DataSocio-demographic data for the sample used in this study are described in chapter3 (Aims and Methodology).
4.1.4.3 General Intelligence & Domain Specific Cognition in
Children at High RiskThe children of AN mothers showed higher full-scale IQ (B: 3.58, 95% CI: 0.15,7.00, p = 0.04), and performance IQ (B: 3.93, 95% CI: 0.37, 7.5, p = 0.03) scores, incomparison to the children of unexposed mothers. Maternal education was foundto explain the relationship between maternal AN and full-scale IQ (B: 2.18, 95% CI:-1.03, 5.39, p = 0.18), and to a lesser extent performance IQ (B: 3.10, 95% CI: -0.37,6.58, p = 0.08). With regard to WISC subtest scores, the children of AN mothersshowed comparatively high Picture Arrangement scores (B: 1.34, 95% CI: 0.33,2.35, p = 0.01), while the children of BN mothers showed comparatively low ObjectAssembly scores (B: -0.9, 95% CI: -1.66, -0.13, p = 0.02). The children of AN
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mothers also showed significantly higher scores in the Perceptual OrganisationIndex (B: 2.4, 95% CI: 0.14, 4.66, p = 0.04). No other differences were foundbetween the children of ED mothers and the children of unexposed mothers (seetables 9 - 12).
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Table 9 Linear Regression Analysis of Children’s Verbal IQ Subtest Scores: comparisons of exposed and unexposed groups (B coefficients and95% confidence intervals) n (%) Model 1 Β (95% C.I.) Model 2 Β (95% C.I.) Model 3 Β (95% C.I.) 
Information Unexposed 5917 (92.3) Ref. Ref. Ref.AN 90 (1.5) -0.16 (-0.8, 0.48) -0.31 (-0.92, 0.30) -0.42 (-1.03, 0.18)BN 96 (1.6) 0.01 (-0.60, 0.63) 0.05 (-0.54, 0.64) 0.01 (-0.57, 0.6)AN+BN 43 (0.7) 0.34 (-0.58, 1.26) 0.17 (-0.71, 1.05) -0.11 (-0.98, 0.76)
Similarities Unexposed 5920 (95.7) Ref. Ref. Ref.AN 89 (1.4) 0.43 (-0.4, 1.26) 0.30 (-0.51, 1.11) 0.15 (-0.65, 0.95)BN 96 (1.6) -0.10 (-0.90, 0.7) -0.06 (-0.84, 0.72) -0.11 (-0.88, 0.66)AN+BN 43 (0.7) 0.89 (-0.3, 2.08) 0.73 (-0.43, 1.89) 0.38 (-0.77, 1.52)
Arithmetic Unexposed 5903 (96.3) Ref. Ref. Ref.AN 89 (1.5) -0.02 (-0.88, 0.83) -0.09 (-0.93, 0.76) -0.22 (-1.06, 0.62)BN 96 (1.6) -0.15 (-0.98, 0.67) -0.12 (-0.93, 0.7) -0.16 (-0.97, 0.65)AN+BN 43 (0.7) 0.02 (-1.21, 1.25) -0.09 (-1.30, 1.12) -0.39 (-1.59, 0.81)
Vocabulary Unexposed 5893 (96.3) Ref. Ref. Ref.AN 89 (1.5) 0.48 (-0.43, 1.4) 0.25 (-0.63, 1.13) 0.04 (-0.82, 0.90)BN 95 (1.6) -0.04 (-0.93, 0.84) 0.001 (-0.85, 0.85) -0.05 (-0.88, 0.79)AN+BN 43 (0.7) 0.6 (-0.71, 1.91) 0.35 (-0.91, 1.61) -0.13 (-1.36, 1.11)
Comprehension Unexposed 5859 (96.3) Ref. Ref. Ref.AN 88 (1.4) 0.48 (0.3, 1.26) 0.44 (-0.33, 1.21) 0.35 (-0.42, 1.13)BN 96 (1.6) 0.09 (-0.66, 0.83) 0.10 (-0.61, 0.84) 0.08 (-0.66, 0.81)AN+BN 43 (0.7) -0.14 (-1.25, 0.97) -0.20 (-1.30, 0.90) -0.39 (1.49, 0.70)
§p≤0.1, *p≤0.05, **p≤0.01 (1) Higher scores indicate better performance. (2) Model 1: Adjusted for child age and gender, and tester. Model 2: (Fully adjusted model)adjusted for child age and gender, tester, family income and maternal age at delivery. Model 3: Adjusted for child age and gender, tester, familyincome, maternal age and delivery and maternal education.
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Table 10 Linear Regression Analysis of Children’s Performance IQ Subtest Scores: comparisons of exposed and unexposed groups (Bcoefficients and 95% confidence intervals)n (%) Model 1 Β (95% C.I.) Model 2 Β (95% C.I.) Model 3 Β (95% C.I.) 
Picture Completion Unexposed 5892 (96.3) Ref. Ref. Ref.AN 90 (1.5) 0.56 (-0.21, 1.33) 0.52 (-0.24, 1.28) 0.44 (-0.32, 1.2)BN 96 (1.6) 0.26 (-0.48, 1.01) 0.28 (-0.45, 1.0.2) 0.26 (0.48, 0.99)AN+BN 43 (0.7) 0.63 (-0.47, 1.74) 0.56 (-0.54, 1.65) 0.37 (-0.72, 1.46)
Coding Unexposed 5912 (93.3) Ref. Ref. Ref.AN 87 (1.4) -0.05 (-0.68, 0.57) -0.03 (-0.65, 0.59) -0.08 (-0.70, 0.54)BN 96 (1.6) -0.10 (-0.69, 0.49) -0.09 (-0.68, 0.50) -0.10 (-0.69, 0.49)AN+BN 43 (0.7) 0.54 (-0.35, 1.42) 0.52 (-0.36, 0.57) 0.40 (-0.47, 1.28)
Picture Arrangement Unexposed 5830 (96.3) Ref. Ref. Ref.
AN 85 (1.4) 1.18 (0.46, 2.49)* 1.41 (0.39, 2.42)* 1.34 (0.33, 2.35)*BN 94 (1.6) -0.43 (-1.4, 0.54) -0.4 (-1.36, 0.57) -0.43 (-1.39, 0.54)AN+BN 43 (0.7) -0.13 (-1.56, 1.3) -0.22 (-1.64, 1.20) -0.38 (-1.8, 1.04)
Block Design Unexposed 5878 (96.3) Ref. Ref. Ref.AN 88 (1.4) 0.46 (-0.33, 1.26) 0.43 (-0.35, 1.21) 0.29 (-0.48, 1.07)BN 94 (1.5) 0.37 (-0.40, 1.13) 0.38 (-0.38, 1.13) 0.34 (-0.41, 1.09)AN+BN 43 (0.7) 0.22 (-0.91, 1.35) 0.13 (-0.98, 1.25) -0.19 (-1.29, 0.92)
Object Assembly Unexposed 5579 (96.3) Ref. Ref. Ref.AN 83 (1.4) -0.11 (-0.92, 0.7) -0.14 (-0.95, 0.67) -0.22 (-1.02, 0.59)
BN 92 (1.6) -0.89 (-1.66, -0.12)§ -0.88 (-1.64, -0.12)* -0.9 (-1.66, -0.13)*AN+BN 40 (0.7) 0.32 (-0.85, 1.48) 0.27 (-0.89, 1.43) 0.07 (-1.09, 1.22)§p≤0.1, *p≤0.05, **p≤0.01 (1) Higher scores indicate better performance. (2) Model 1: Adjusted for child age and gender, and tester. Model 2: (Fully adjusted model)adjusted for child age and gender, tester, family income and maternal age at delivery. Model 3: Adjusted for child age and gender, tester, familyincome, maternal age at delivery and maternal education.
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Table 11 Linear Regression of Children’s Summary IQ Scores: comparisons of exposed and unexposed groups (B coefficients and 95%confidence intervals) n (%) Model 1 B (95% C.I.) Model 2 Β (95% C.I.) Model 3 Β (95% C.I.) 
Full Scale IQ Unexposed 5869 (96.3) Ref. Ref. Ref.
AN 87 (1.4) 3.58 (0.15, 7.00)* 3.05 (-0.23, 6.33)§ 2.18 (-1.03, 5.39)BN 96 (1.6) -1.03 (-4.29, 2.23) -0.80 (-3.94, 2.33) -1.06 (-4.11, 1.99)AN+BN 43 (0.7) 2.64 (-2.21, 7.49) 1.85 (-2.8, 6.49) -0.07 (-4.61, 4.47)
Verbal IQ Unexposed 5895 (96.3) Ref. Ref. Ref.AN 89 (1.5) 1.38 (-2.08, 4.83) 0.63 (-2.67, 3.93) -0.21 (-0.34, 3.02)BN 96 (1.6) -0.30 (-3.63, 3.03) -0.06 (-3.25, 3.12) -0.33 (-3.43, 2.78)AN+BN 43 (0.7) 2.08 (-2.87, 7.02) 1.16 (-3.56, 5.89) -0.77 (-5.39, 3.85)
Performance IQ Unexposed 5886 (96.3) Ref. Ref. Ref.
AN 87 (1.4) 3.93 (0.37, 7.50)* 3.75 (0.24, 7.26)* 3.10 (0.37, 6.58)§BN 96 (1.6) -1.29 (-4.69, 2.11) -1.14 (-4.48, 2.20) -1.34 (-4.64, 1.96)AN+BN 43 (0.7) 2.40 (-2.66, 7.46) 1.95 (-3.02, 6.91) 0.52 (-4.39, 5.44)
§p≤0.1, *p≤0.05, **p≤0.01 (1) Higher scores indicate better performance. (2) Model 1: Adjusted for child age and gender, and tester. Model 2: (Fully adjusted model)adjusted for child age and gender, tester, family income and maternal age at delivery. Model 3: Adjusted for child age and gender, tester, familyincome, maternal age at delivery and maternal education.
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Table 12 Linear Regression of Children’s Index and Digit Span Scores: comparisons of exposed and unexposed groups (B coefficients and 95%confidence intervals) n (%) Model 1 B (95% C.I.) Model 2 Β (95% C.I.) Model 3 Β (95% C.I.) 
Verbal Unexposed 5850 (96.3) Ref. Ref. Ref.
Comprehension AN 89 (1.5) 1.18 (-1.14, 3.5) 0.63 (-1.58, 2.85) 0.07 (-2.1, 2.24)
Index BN 95 (1.6) -0.25 (-2.5, 2.00) -0.01 (-2.17, 2.14) -0.17 (-2.27, 1.93)AN+BN 43 (0.7) 1.62 (-1.71, 4.95) 0.99 (-2.18, 4.17) -0.29 (-3.4, 2.82)
Perceptual Unexposed 5550 (93.4) Ref. Ref. Ref.
Organisation AN 82 (1.4) 2.86 (0.54, 5.19)* 2.69 (0.41, 4.98)* 2.4 (0.14, 4.66)
Index BN 87 (1.5) -0.45 (-2.71, 1.81) -0.37 (-2.59, 1.85) -0.47 (-2.66, 1.73)AN+BN 41 (0.7) 1.08 (-2.2, 4.36) 0.77 (-2.44, 3.99) -0.14 (-3.33, 3.05)
Freedom from Unexposed 5740 (96.3) Ref. Ref. Ref.
Distractibility AN 86 (1.4) 0.12 (-1.15, 1.39) -0.03 (-1.28, 1.22) -0.23 (-1.47, 1.00)
Index BN 92 (1.5) -0.11 (-1.34, 1.12) -0.08 (-1.29, 1.13) -0.10 (-1.3, 1.09)AN+BN 42 (0.7) 0.29 (-1.52, 2.11) 0.04 (1.82, 0.003) -0.43 (-2.19, 1.33)
Digit Span Unexposed 5759 (94.2) Ref. Ref. Ref.AN 86 (1.4) -0.08 (-0.73, 0.58) -0.14 (-0.79, 0.51) -0.23 (-0.87, 0.41)BN 93 (1.5) 0.17 (-0.46, 0.8) 0.17 (-0.45, 0.8) 0.16 (-0.46, 0.78)AN+BN 42 (0.7) 0.27 (-0.67, 1.2) 0.17 (-0.76, 1.09) -0.04 (-0.95, 0.88)
§p≤0.1, *p≤0.05, **p≤0.01; (1) Higher scores indicate better performance. (2) Model 1: Adjusted for child age and gender, and tester. Model 2: (Fully adjusted model) adjusted for child age and gender, tester, family income and maternal age at delivery. Model 3: Adjusted for child ageand gender, tester, family income, maternal age at delivery and maternal education.
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4.1.4.4 Working Memory in Children at High RiskThe children of AN mothers showed slightly better WM span scores in the fullyadjusted model (B: 0.19, 95% CI: 0.01, 0.38, p = 0.08), and when co-varying forchild IQ (B:0.18 , 95% CI: -0.005, 0.37 , p = 0.06). The children of AN+BN mothersalso showed better global working memory scores when co-varying for child IQ (B:2.26, 95% CI: -0.02, 4.54, p = 0.05). No other differences in WM performance werefound between the children of exposed and unexposed mothers (see table 13).
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Table 13 Linear Regression Analysis of Children’s Working Memory Scores: comparisons of exposed and unexposed groups (B coefficientsand 95% confidence intervals) n (%) Model 1 B (95% C.I.)Model 2 B (95% C.I.)Model 3 B (95% C.I.)Model 4 B (95% C.I.)
WM Span Score Unexposed 5553 (96.2) Ref. Ref. Ref. Ref.
AN 77 (1.3) 0.2 (0.01, 0.38)* 0.19 (0.01, 0.38)* 0.17 (-0.02, 0.36)§ 0.18 (-0.01, 0.37)§BN 98 (1.7) -0.07 (-0.24, 0.1) -0.06 (-0.23, 0.11) -0.07 (-0.23, 0.10) 0.71 (-0.86, 2.28)
AN+BN 43 (0.7) 0.14 (-0.12, 0.39) 0.14 (-0.11, 0.39) 0.11 (-0.14, 0.36) 2.26 (-0.02, 4.54)**
WM Global Score Unexposed 5553 (96.2) Ref. Ref. Ref. Ref.
AN 77 (1.3) 1.03 (-0.68, 2.75) 0.95 (-0.75, 2.65) 0.75 (-0.94, 2.44) 0.18 (-0.01, 0.37)§BN 98 (1.7) -0.39 (-1.92, 0.13) -0.27 (-1.77, 1.24) -0.30 (-1.80, 1.2) -0.004 (-0.18, 0.17)AN+BN 43 (0.7) 1.43 (-0.86, 3.72) 1.41 (-0.85, 3.67) 1.07 (-1.18, 3.32) 0.19 (-0.07, 0.44)§p≤0.1, *p≤0.05, **p≤0.01 (1) Higher scores indicate better performance. (2) Model 1: Adjusted for child age and gender, and tester. Model 2: (Fully adjusted model)adjusted for child age and gender, tester, family income and maternal age at delivery. Model 3: Adjusted for child age and gender, tester, familyincome, maternal age at delivery and maternal education. Model 4: Adjusted for child age and gender, tester, family income, maternal age atdelivery, maternal education, and child IQ.
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4.1.4.5 Attention in Children at High Risk (TEA-Ch)There was weak evidence that the children of AN mothers took longer to completethe attentional control task than the children of unexposed mothers in the fullyadjusted model (B: 0.77, 95% CI: -0.09-1.63, p = 0.08), and this became strongerwhen co-varying for child IQ (B: 0.99, 95% CI: 0.18, 1.79, p = 0.02). No groupdifferences were found in performance on the selective or divided attention tasks(see table 14).
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Table 14 Linear Regression Analysis of Children’s Attention Scores as Measured by The TEA-Ch at age 8: comparisons of exposed andunexposed groups (B coefficients and 95% confidence intervals)n (%) Model 1 B (95% C.I.)Model 2 B (95% C.I.)Model 3 B (95% C.I.)Model 4 B (95% C.I.)
Sky Search Unexposed 5732 (96.3) Ref. Ref. Ref. Ref.(Selective Attention) AN 85 (1.4) -0.1 (-0.5, 0.30) -0.1 (-0.5, 0.31) -0.06 (-0.46, 0.34) -0.07 (-0.46, 0.33)BN 93 (1.6) 0.23 (-0.16, 0.61) 0.23 (-0.16, 0.61) 0.24 (-0.45, 0.62) 0.22 (-0.15, 0.59)AN+BN 43 (0.7) 0.13 (-0.43, 0.69) 0.14 (-0.42, 0.7) 0.21 (-0.35, 0.77) 0.22 (-0.32, 0.76)
Dual Task Unexposed 5672 (96.3) Ref. Ref. Ref. Ref.(Divided Attention;) AN 84 (1.4) 1.87 (-1.81, 5.55) -1.87 (-1.81, 5.54) 2.00 (-1.68, 5.68) 0.96 (-2.62, 4.55)BN 89 (1.5) -1.69 (-5.26, 1.89) -1.68 (-5.25, 1.89) -1.64 (-5.021, 1.93) -1.71 (-5.11, 1.7)AN+BN 42 (0.7) -0.48 (-5.67, 4.70) -0.39 (-5.56, 4.78) -0.04 (-5.22, 5.14) -0.07 (-5.01, 4.88)
Opposite Worlds Unexposed 5752 (1.7) Ref. Ref. Ref. Ref.(Attentional Control) AN 86 (1.4) 0.72 (-0.14, 1.59)§ 0.69 (-0.18, 1.55) § 0.77 (-0.09, 1.63)§ 0.99 (0.18, 1.79)*BN 93 (1.6) 0.31 (-0.53, 1.14) 0.28 (-0.55, 1.11) 0.29 (-0.54, 1.12) 0.22 (-0.55, 0.99)AN+BN 43 (0.7) -0.83 (-2.05, 0.39) -0.82 (-2.04, 0.39) -0.66 (-1.87, 0.55) -0.65 (-1.77, 0.47)§p≤0.1, *p≤0.05, **p≤0.01,  (1)Scores measuring attention account for time taken to complete the task, therefore a higher score indicates poorer performance.(2) Model 1: Adjusted for child age and gender, and tester. Model 2: (Fully adjusted model) adjusted for child age and gender, tester, familyincome and maternal age at delivery. Model 3: Adjusted for child age and gender, tester, family income, maternal age at delivery and maternaleducation. Model 4: Adjusted for child age and gender, tester, family income, maternal age at delivery, maternal education, and child IQ.
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4.1.4.6 Attention in children at high risk (Reaction Time Task)Maternal exposure to AN was predictive of children scoring in the bottom 10% onaccuracy in the choice reaction time task; in the fully adjusted model (OR: 1.82,95% CI: 1.03, 3.22, p = 0.04), and when co-varying for maternal education andchild IQ (OR: 1.83, 95% CI: 1.03, 3.23, p = 0.04, 95% CI: 1.01, 3.41, p = 0.05respectively). Maternal exposure to AN also trended towards being predictive ofchildren not scoring in the top 10% for simple reaction time in the fully adjustedmodel (OR: 0.30, 95% CI: 0.07, 1.24, p = 0.1), and when adjusting for both maternaleducation and child IQ (OR: 0.19, 95% CI: 0.03, 1.32, p = 0.1). Finally, maternalexposure to both AN+BN trended towards being predictive of children scoring inthe top 10% on false alarms in the digit vigilance task when adjusting for bothmaternal education and child IQ (OR: 2.59, 95% CI: 0.83, 8.08, p = 0.1; see table 15and 16).
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Table 15 Logistic Regression Analysis of Children’s Reaction Time Scores: comparison of exposed and unexposed groups (odds ratios and95% confidence intervals).
Model 1 OR (95% C.I.) Model 2 OR (95% C.I.) Model 3 OR (95% C.I.) Model 3 OR (95% C.I.)
Simple Unexposed Ref. Ref. Ref. Ref.
Reaction AN 0.28 (0.07, 1.15)§ 0.30 (0.07, 1.24) 0.31 (0.08, 1.28)§ 0.19 (0.03, 1.32)§
Time BN 0.99 (0.45, 2.18) 0.96 (0.43, 2.14) 0.95 (0.42, 2.11) 1.12 (0.46, 2.71)AN+BN 0.74 (0.22, 2.46) 0.75 (0.23, 2.50) 0.81 (0.24, 2.71) 1.21 (0.34, 4.28)
Digit Unexposed Ref. Ref. Ref. Ref.
Vigilance AN 0.55 (0.20, 1.52) 0.63 (0.22, 1.77) 0.65 (0.23, 1.84) 0.84 (0.29, 2.44)
(Targets BN 1.29 (0.63, 2.62) 1.26 (0.61, 2.59) 1.24 (0.60, 2.56) 1.52 (0.69, 3.37)
detected) AN+BN 0.55 (0.63, 2.62) 0.55 (0.13, 2.33) 0.59 (0.14, 2.52) 0.88 (0.19, 4.02)
Digit Unexposed Ref. Ref. Ref. Ref.
Vigilance AN 0.94 (0.40, 2.21) 0.88 (0.37, 2.05) 0.87 (0.37, 2.04) 0.97 (0.41, 2.30)
(Speed) BN 1.34 (0.66, 2.73) 1.32 (0.66, 2.63) 1.32 (0.66, 2.63) 1.14 (0.48, 2.70)AN+BN 0.78 (0.24, 2.57) 0.77 (0.26, 2.33) 0.76 (0.23, 2.44) 0.90 (0.04, 2.22)
Digit Unexposed Ref. Ref. Ref. Ref.
Vigilance AN 1.05 (0.45, 2.45) 1.13 (0.48, 2.68) 1.18 (0.50, 2.80) 1.49 (0.61, 3.62)
(False BN 0.80 (0.32, 2.00) 0.78 (0.31, 1.96) 0.77 (0.30, 1.94) 0.78 (0.27, 2.23)
Alarms) AN+BN 1.85 (0.70, 4.88) 1.87 (0.70, 4.96) 2.02 (0.76, 5.37) 2.59 (0.83, 8.08)*
§p≤0.1, *p≤0.05, **p≤0.01,  (1) Model 1: Minimally adjusted model: adjusted for child age and gender, and tester. Model 2: Fully adjusted model: adjusted for child age and gender,tester, social class, maternal age at delivery, maternal education, and marital stability. Model 3: IQ adjusted model: adjusted for child age and gender, tester,social class, maternal age at delivery, maternal education, marital stability, and child IQ.(2) Simple Reaction Time scores indicate the likelihood of each group being in the highest 10% for time taken (worst performance) in comparison tocontrols. Digit Vigilance Targets Detected and Digit Vigilance Speed scores indicate the likelihood of each group scoring in the bottom 10% (worstperformance) in comparison to controls. Digit Vigilance False Alarms scores indicate the likelihood of each group being in the highest 10% for false alarms(worst performance) in comparison to controls.(3) N (%) of groups: Unexposed = 5441 (96.2%); AN = 83 (1.5%); BN = 88 (1.6%); AN+BN = 41 (0.7%).
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Table 16 Logistic Regression Analysis of Children’s Reaction Time Scores (continued): comparison of exposed and unexposed groups (oddsratios and 95% confidence intervals).
Model 1 OR (95% C.I.) Model 2 OR (95% C.I.) Model 3 OR (95% C.I.) Model 3 OR (95% C.I.)
Choice Unexposed Ref. Ref. Ref. Ref.
Reaction AN 1.74 (0.99, 3.06)§ 1.82 (1.03, 3.22)* 1.83 (1.03, 3.23)* 1.85 (1.01, 3.41)*
(Accuracy) BN 1.28 (0.70, 2.33) 1.25 (0.69, 2.26) 1.24 (0.69, 2.58) 1.37 (0.70, 2.65)AN+BN 1.68 (0.75, 3.78) 1.72 (0.76, 3.86) 1.72 (0.77, 3.87) 1.68 (0.66, 4.29)
Choice Unexposed Ref. Ref. Ref. Ref.
Reaction AN 0.96 (0.41, 2.24) 0.94 (0.40, 2.23) 0.97 (0.41, 2.30) 1.22 (0.50, 2.98)
(Time) BN 0.97 (0.44, 2.14) 0.94 (0.43, 2.10) 0.94 (0.42, 2.09) 0.73 (0.29, 1.86)AN+BN 0.75 (0.23, 2.51) 0.74 (0.22, 2.45) 0.77 (0.23, 2.57) 0.36 (0.05, 2.93)
Continuity Unexposed Ref. Ref. Ref. Ref.
of AN 0.81 (0.35, 1.90) 0.91 (0.38, 2.15) 0.94 (0.38, 2.24) 1.25 (0.51, 3.06)
Attention BN 1.38 (0.70, 2.72) 1.34 (0.67, 2.67) 1.32 (0.66, 2.63) 1.14 (0.49, 2.64)AN+BN 1.15 (0.40, 3.31) 1.16 (0.40, 3.39) 1.24 (0.43, 3.64) 1.39 (0.38, 5.02)
Power Unexposed Ref. Ref. Ref. Ref.
of AN 0.59 (0.21, 1.64) 0.59 (0.21, 1.65) 0.60 (0.22, 1.68) 0.75 (0.26, 2.16)
Attention BN 1.13 (0.53, 2.38) 1.08 (0.51, 2.29) 1.07 (0.50, 2.28) 0.91 (0.40, 2.07)AN+BN 1.00 (0.35, 2.88) 0.98 (0.34, 2.85) 1.04 (0.36, 3.01) 0.77 (0.17, 3.37)
§p≤0.1, *p≤0.05, **p≤0.01,  (1) Model 1: Minimally adjusted model: adjusted for child age and gender, and tester. Model 2: Fully adjusted model: adjusted for child age andgender, tester, social class, maternal age at delivery, maternal education, and marital stability. Model 3: IQ adjusted model: adjusted for childage and gender, tester, social class, maternal age at delivery, maternal education, marital stability, and child IQ.(2) Choice Reaction Time, and Power of Attention scores indicate the likelihood of each group being in the highest 10% (worst performance)for time taken in comparison to controls. Choice Reaction Accuracy, and Continuity of Attention scores indicated the likelihood of each groupscoring in the bottom 10% (worst performance) in comparison to controls.(3) N (%) of groups: Unexposed = 5441 (96.2%); AN = 83 (1.5%); BN = 88 (1.6%); AN+BN = 41 (0.7%).
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4.1.4.7 Inhibition in children at high riskMaternal exposure to BN trended towards being predictive of children scoring inthe bottom 10%, in the difficult condition of the stop-signal task; both in the fullyadjusted model (OR: 1.67, 95% CI: 0.93-3.02, p = 0.1), and when co-varying forboth maternal education and child IQ (OR: 1.62, 95% CI: 1.21-2.17, p = 0.1). In theeasy condition of the stop-signal task, there was weak evidence that maternal ANwas predictive of children scoring in the bottom 10%, when co-varying for child IQ(OR: 1.8, 95% CI: 0.93-3.48, p = 0.08; see table 17).
132
Table 17 Linear and Logistic Regression Analysis of Children’s Behavioural Inhibition Scores: comparison of exposed and unexposed groups.n (%) Model 1 Model 2 Model 3 Model 4
Easy Condition Unexposed 5530 (96.3) Ref. Ref. Ref. Ref.(likelihood of scoring in AN 77 (1.3) 1.56 (0.84, 2.92) 1.56 (0.84, 2.91) 1.56 (0.84, 2.92) 1.80 (0.93, 3.48)§the bottom 10%) BN 96 (1.7) 1.01 (0.52, 1.96) 1.00 (0.52, 1.94) 1.00 (0.52, 1.94) 0.79 (0.37, 1.69)OR (95% C.I.) AN & BN 42 (0.7) 0.45 (0.11, 1.85) 0.45 (0.11, 1.82) 0.45 (0.11, 1.84) 0.27 (0.04, 1.97)
Difficult Condition Unexposed 5530 (96.3) Ref. Ref. Ref. Ref.(likelihood of scoring in AN 77 (1.3) 1.48 (0.77, 2.87) 1.11 (0.59, 2.12) 1.48 (0.77, 2.87) 1.11 (0.55, 2.26)the bottom 10%) BN 96 (1.7) 1.58 (0.94, 2.65)§ 1.57 (0.95, 2.62)§ 1.67 (0.93, 3.02)§ 1.62 (1.21, 2.17)OR (95% C.I.) AN & BN 42 (0.7) 1.17 (0.49, 2.79) 1.15 (0.49, 2.71) 1.34 (0.56, 3.23) 0.90 (032, 2.51)
Primary Trials Unexposed 5530 (96.3) Ref. Ref. Ref. Ref.(likelihood of scoring in AN 77 (1.3) 0.63 (0.25, 1.59) 0.53 (0.21, 1.31) 0.63 (0.25, 1.59) 0.51 (0.18, 1.40)the bottom 10%) BN 96 (1.7) 0.92 (0.47, 1.79) 0.92 (0.47, 1.79) 1.13 (0.55, 2.31) 0.88 (0.60, 1.30)OR (95% C.I.) AN & BN 42 (0.7) 1.56 (0.68, 3.57) 1.57 (0.69, 3.60) 1.66 (0.71, 3.89) 0.98 (0.34, 2.84)
Mean Reaction Time in Unexposed 5530 (96.3) Ref. Ref. Ref. Ref.
Primary Trials AN 77 (1.3) -6.69 (-21.83, 8.45) -7.45 (-22.58, 7.69) -7.11 (-22.25, 8.03) -2.65 (-18.34, 13.04)B (95% C.I.) BN 96 (1.7) 0.87 (-12.71, 14.44) 0.7 (-12.86, 14.26) 0.78 (-12.77, 14.34) -1.99 (-16.62, 12.64)AN & BN 42 (0.7) 0.87 (-12.71, 14.44) 2.32 (-14.05, 22.69) 2.90 (-12.77, 14.34) 2.68 (-18.5, 23.85)
§p≤0.1, *p≤0.05, **p≤0.01 (1) Model 1: Adjusted for child age and gender, and tester. Model 2: (Fully adjusted model) adjusted for child age and gender, tester, familyincome and maternal age at delivery. Model 3: Adjusted for child age and gender, tester, family income, maternal age at delivery and maternaleducation. Model 4: Adjusted for child age and gender, tester, family income, maternal age at delivery, maternal education, and child IQ.(2) Inhibition scores indicating the likely-hood of scoring in the bottom 10% are the results of logistic, rather than linear, regression. Theresults therefore indicate the likelihood of each group scoring in the bottom 10% in comparison to controls.
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4.1.5 Interim Discussion
The aim of this study was to investigate intelligence, global cognition, andexecutive functioning in children who are at high risk of developing an eatingdisorder, in comparison to children who are not. Results of statistical analysisshowed that in comparison to the children of unexposed women, the children ofwomen reporting AN demonstrated higher Full-scale and Performance IQ;superior working memory capacity; and poorer attentional control. In addition, thechildren of women who reported AN exhibited decreased accuracy in a measure ofattentional alertness, concentration and information processing. The children ofwomen reporting BN demonstrated poorer performance on the Object Assemblysubtest of the WISC-III; and there was also a weak association between maternalAN, and BN and comparatively low behavioural inhibition. These findings arediscussed in greater detail below.
4.1.5.1 Intelligence and Global CognitionAs predicted, the children of AN mothers demonstrated comparatively high Full-scale IQ; with high Performance IQ appearing to make the main contribution tothis. Interestingly, Performance IQ is considered to be the most heritable inchildhood, in comparison to Verbal IQ and Full scale IQ, and is representative ofproblem solving ability (van Soelen, 2011). On the whole, research investigatingintelligence in AN patients has revealed high IQ in comparison to healthy controls(Lopez, et al., 2010); and a psychiatric control group (Blanz, et al., 1997). Ourfindings indicate that children at high risk of developing an ED, due to being bornto mothers reporting AN, also show comparatively high IQ.
The children of AN mothers showed comparatively high scores in the perceptualorganisation index. This is a particularly interesting result as this index reflectsone’s ability to interpret and organise visually perceived materials. Existingresearch suggests that individuals with AN, and their first degree relatives, haveimpaired visuo-spatial abilities and weak central coherence (Tenconi, et al., 2010;Whyte, 2006). Our findings suggest that the opposite is true in the children ofwomen with AN, and this could be for a number of possible reasons. Research in
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this area has concentrated on clinical groups while a general population cohort hasbeen investigated here; it is possible that impairments in visuo-spatial processingare only associated with an extreme AN phenotype. It is also possible that theimpairments observed in clinical groups are not present prior to onset of thedisorder, and are a consequence of the illness rather than a predisposing factor.
The children of AN women also showed particularly high Picture Arrangementsubtest scores, indicating good planning and logical thinking, and good socialknowledge and interpretation of actions. This is also particularly interesting due tothe wealth of evidence pertaining to social difficulties in AN patients (Zucker,2007). Once again, the good social knowledge observed in the children of womenwith AN could be for a number of possible reasons. The majority of research in thisarea has used social interpretation tasks that consist of human cues (i.e. faces oreyes) rather than cartoon pictures; and tasks require participants to interpretemotion rather than the order of social interactions (Faunce & Job, 2000). It is alsopossible that the social difficulties observed in ED groups are a secondary effect ofthe illness, for example due to restricted nutritional intake, and are therefore notpresent prior to onset.
No significant differences were observed between the children of healthy controlwomen and the children of women reporting BN: in Full-scale IQ; Performance IQ;or Verbal IQ. Evidence indicates that there are also no differences in IQ betweenBN patients and healthy controls (Galderisi, 2010). Though investigations ofintelligence in BN populations are rare, our finding of normal IQ in the children ofBN women is consistent with findings of normal IQ in BN patients. The children ofBN women did show comparatively poor performance on the Object Assemblysubtest, which reflects comparatively poor visual organizational ability and visualmotor co-ordination. Current research in the field pertaining to visuo-spatialfunctioning in BN patients is conflicting: with some evidence of similar difficultiesin ED groups (I. Gillberg, et al., 2007; Jones, Duncan, Brouwers, & Mirsky, 1991;Sellbom & Gunstad, 2012), and non-clinical samples with bulimic disturbance(Bosanac, et al., 2007); and also negative findings revealing no impairments(Eysenck, 1992; Faunce, 2002). Our findings indicate that subtle impairments in
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visuo-spatial functioning are present in children at high risk of developing an ED,due to being born to a mother reporting BN.
4.1.5.2 Working MemoryAs hypothesized, the children of women reporting AN displayed comparativelysuperior working memory capacity in comparison to the children of healthycontrol women; a difference that was only partly mediated by maternal educationand child IQ. The children of women reporting AN+BN also showed better workingmemory, demonstrated by their comparatively higher global working memoryscores; though this difference only reached statistical significance when adjustingfor child IQ. Superior working memory has also been observed in AN patientswhen compared to healthy controls, both in the acute phase of illness and whenparticipants were weight restored (Hatch, et al., 2010).
There is evidence in the literature of decreased working memory capacity in ANpatients (Green, Elliman, Wakeling, & Rogers, 1996b), however findings from thisstudy are limited due to the small size of the sample employed. Kemps andcolleagues also observed impaired working memory in a sample of AN patientswhen compared to controls; however when statistically controlling for pre-occupying cognitions about food, weight and body shape, differences betweengroups became non-significant (Kemps, et al., 2006). A similar association isobserved in dieting groups (Green & Rogers, 1998). Though Green and colleaguesfound that in comparison to non-dieting healthy controls, dieting women showedpoor working memory; statistically controlling for food, weight and body shapecognitions once again led to differences between groups becoming non-significant.These studies suggest that when impaired working memory is observed in AN ordieting individuals it is likely to be due to the intrusive thoughts that accompanyrestriction, rather than deficits in working memory being present prior to onset.Our findings lend support to this notion by finding superior working memory inchildren at high risk of developing an ED, due to being born to mothers with AN. Itis possible however that increased working memory is a predisposing factor foronset of an ED; working counterproductively through excessive rumination,
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inflexible thought, or attention to detail as Brooks and colleagues have suggested(Brooks, et al., 2012).
4.1.5.3 AttentionThe children of women reporting AN took longer to complete the attentionalcontrol subtest of the TEA-Ch, than the children of healthy control women;reflecting a decreased ability to inhibit well learned pre-potent thoughts. No otherdifferences were observed between exposed and unexposed groups on any TEA-Chsubtest. Interestingly, the children of women reporting AN+BN also showedcomparatively poor performance on the Digit Vigilance subtest of the ReactionTime Task. The results of a logistic regression analysis showed that this group ofchildren had over twice the odds of being in the highest 10% for errors made, incomparison to the children of unexposed women; though this difference onlytrended towards statistical significance. Like the attentional control subtest of theTEA-Ch, low accuracy on the Digit Vigilance subtest of the Reaction Time Task maybe a reflection of decreased attentional control, or increased attentionalimpulsivity.
The children of women reporting AN also demonstrated poorer performance onthe Choice Reaction subtest of the Reaction Time Task; with approximately twicethe odds of scoring in the bottom 10% for accuracy in comparison to the childrenof healthy controls. Poor performance on this task could indicate problems withconcentration, alertness, speed, or information processing. Similarly in the SimpleReaction Time subtest (which assesses alertness, concentration, and speed but notinformation processing) children of AN women had lower odds than unexposedchildren of being in the slowest 10%. The combination of these two findingssuggests that the poor performance of children whose mothers reported AN, onthe Choice Reaction subtest, is likely to be due to problems with informationprocessing; otherwise referred to as selective attention.
It is intriguing that the children of women who reported AN displayed comparableperformance to the children of unexposed women on the selective attention
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subtest of the TEA-Ch; while performance in the Reaction Time Task indicatescomparatively poor selective attention. This could be for a number of reasons.These contradictory findings could be reflective of the difficulties one encounterswhen attempting to compare performance on different cognitive tasks that arethought to be measuring the same cognitive construct. This is a common problemin the literature. One which has led researchers to develop a standardized batteryof tasks for assessment that they hope will be used by others, making comparisonbetween different samples more simple (Stedal, et al., 2011). This is not alwayspossible however. In the case of this study for example, which employs alongitudinal population cohort, the cognitive assessments are chosen byresearchers involved with the cohort itself not by collaborators like ourselves.Another potential reason for the contradictory results regarding selectiveattention is that children completed the TEA-Ch when they were 8 years of age,and completed the reaction time task when they were 13 years of age. It might bethat deficits in selective attention only develop at a later age, perhaps inadolescence when executive functions go through a developmental change(Blakemore & Choudhury, 2006). It is also possible that by the age of 13 thechildren of women reporting AN have developed their own ED related cognitionsand/or behaviours. This is currently being investigated by our team, and a futurestudy testing this hypothesis would be informative. Finally, it is feasible that themeasure of Selective Attention in the TEA-Ch was not sensitive enough to pick upon subtle impairments, while the Choice Reaction subtest of the Reaction TimeTask was, though this hypothesis would also require further investigation.
In summary, our findings regarding attentional capacity suggest that the childrenof women reporting AN display decreased attentional control, and a highproportion of them show decreased selective attention. There was also a trendtowards decreased attentional control (or increased attentional impulsivity), in ahigh proportion of the children whose mothers reported AN+BN. There is evidencein the literature indicating decreased attentional control in ED patients asmeasured by the Stroop Task (Dobson & Dozois, 2004). Interestingly, theattentional control task that is part of the TEA-Ch has been described as achildren’s version of the Stroop Task, and both tasks are thought to be comparable
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in the cognitive structures they rely on (Manly, et al., 2001). The review by Dobsonand Dozois however, found that while the attentional bias found in BN patients onthe Stroop extended to a range of different stimuli, the attentional bias found in ANpatients was specific to body and weight stimuli (Dobson & Dozois, 2004). Claesand colleagues also found that in a comparison of women who either restricted orbinged and purged, the bingeing and purging women took longer to complete theoriginal Stroop task and made more errors (Claes, et al., 2011). This means thatwhile evidence in the literature suggests that decreased attentional control ischaracteristic of the BN phenotype; our findings suggest that decreased attentionalcontrol might be associated with an AN phenotype.
There is also evidence in the literature for impaired selectiveattention/information processing in AN patients (Fowler, et al., 2006). Findingsfrom the present investigation suggest that comparatively poor selective attentionis also present in children at high risk of developing an ED due to being born to amother with AN. This supports the hypothesis that poor selective attention ispresent prior to onset of an ED, and might be a characteristic of AN that isindependent of illness state. Problems with selective attention may be apredisposing factor for development of an ED, and may be an intermediatephenotype for AN.
4.1.5.4 Behavioural InhibitionThe children of women reporting BN showed a trend towards decreasedbehavioural inhibition. This group was between 57-67% more likely than controlsto score in the bottom 10% in the difficult condition of the stop-signal task; thoughthis difference only trended towards statistical significance. Interestingly, in theeasier condition of the stop-signal task there was a trend towards the children ofwomen with AN showing decreased behavioural inhibition in comparison to thechildren of unexposed women, but only when IQ was additionally co-varied for.Children of women with AN were 80% more likely than controls to score in thebottom 10%, although 95% confidence intervals crossed 1. There is some debateover whether it is statistically correct to adjust for IQ when analyzing performanceon cognitive assessments (Dennis, et al., 2009). Dennis and colleagues suggest that
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IQ does not meet the requirements for a covariate, and that adjusting for IQ canlead to overcorrected, anomalous, and counterintuitive findings. Taking intoaccount that (i) differences between the children of women reporting AN and thechildren of healthy control women were observed in the easy condition of the stop-signal task, but not in the difficult condition; and (ii) differences only trendedtowards significance when additionally adjusting for child IQ; it is possible that thisfinding is overcorrected and anomalous as Dennis and colleagues suggest.
There is conflicting evidence in the literature regarding behavioural inhibition inED. Studies have found evidence both for and against the presence of decreasedinhibition in AN and BN groups (Galimberti, et al., 2011; Kemps & Wilsdon, 2009;Rosval, et al., 2006). Interestingly, this specific type of behavioural/motoricinhibition has been associated with binge eating behaviours particularly,suggesting that using the AN/BN diagnosis may be a limitation when conductingresearch on this construct (Rosval, et al., 2006). Our findings, by not reachingstatistical significance, are also inconclusive with regard to the presence ofdecreased behavioural inhibition in children at high risk of developing an ED.
4.1.6 Study Summary
The findings from study one (investigating being at risk for an ED andneuropsychological functioning) revealed particular differences in the cognitivefunctioning of children at high risk in comparison to unexposed children.Specifically the children of women reporting AN showed comparatively high IQ,superior working memory capacity, and good visuo-spatial functioning; butcomparatively poor attentional control and selective attention. The children ofwomen reporting BN showed comparatively poor visuo-spatial functioning.Findings regarding behavioural inhibition did not reach statistical significance, butthere was weak evidence for the children of women reporting AN or BN havingdecreased inhibitory control. Our findings lend support to the notion that theseneuropsychological differences are present prior to onset and are thereforeindependent of illness state; making them putative intermediate phenotypes forED.
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4.2 Are Maternal Lifetime ED Behavioural Phenotypes
Associated with Children’s Intelligence, Global Cognition, and
Executive Functioning?
4.2.1 Introduction
As discussed in chapter one there is evidence in the literature of specific EDbehaviours being associated with specific differences in neuropsychologicalfunctioning, which suggests that lifetime ED behaviours may provide more distinctphenotypes in comparison to ED diagnoses. Watson and Anderson (2003) foundthat women meeting all criteria for AN had higher IQ than women who met allcriteria for AN except amenorrhea (Watson, 2003), suggesting high IQ may beassociated with behaviours that lead to very low weight such as extremerestriction and purging. Claes and colleagues found that patients who binged andpurged exhibited decreased attentional control and impaired switching ofattention in comparison to patients who restricted (Claes, et al., 2011), indicatingan association between decreased attentional capacity and a bingeing/purgingphenotype. BN patients who use laxatives have been shown to have poorerinhibitory control than healthy controls, and BN patients who do not use laxatives(Bruce, et al., 2003); which suggests that there may be an association betweeninhibitory control and a purging phenotype.
4.2.2 Aims & Hypotheses
As with study one, the primary aim of this study was to investigate theneuropsychological profile of children at high risk of developing an ED, by usingmaternal ED behaviours as a risk marker. Based on previous literature, it waspredicted that: (i) children at risk due to being born to women who presentedexclusively with lifetime restrictive behaviours would show comparatively high IQand superior working memory; (ii) children at risk due to being born to womenwho presented with lifetime bingeing and purging behaviours would show
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decreased attentional capacity as measured by the TEA-Ch, and would be morelikely to perform in the poorest 10% on outcomes of the Reaction Time task; and(iii) children at risk due to being born to women who presented with lifetimepurging would be more likely to score in the poorest 10% on Stop-signal outcomesas a measure of inhibitory control.
4.2.3 Methods
4.2.3.1 DesignLongitudinal
4.2.3.2 ParticipantsFor inclusion in this study, data on maternal lifetime ED behaviours and children’sneuropsychological functioning were both necessary, therefore sample size variedfor the analysis of each neuropsychological measure. Full details of the interviewprotocol, and inclusion and exclusion criteria can be found in chapter 3 (Aims andMethodology). Final sample sizes for each analysis can be found in the relevantresults tables. Assessments were conducted when children were approximately 8(intelligence and attention), 10 (working memory and inhibition), and 13(attention) years of age, with mean ages being: 103.8 months, 127.8 months, and150 months; respectively.
4.2.3.3 Measures
ExposureData on maternal exposure to eating disorder behaviours were gathered via indepth interviews using the Structured Clinical Interview for DSM-IV-TR (Researchversion) with the additional use of the Lifeline section of the LIFE interview(Keller, et al., 1987). A full explanation of these measures and the interviewprotocol can be found in chapter 3 (Aims and Methodology), along with a detaileddescription of how exposed groups were categorized.
Outcomes: Cognitive assessment of Children
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General Intelligence & Domain Specific Cognitive Functioning was assessed at age8 using the Wechsler Intelligence Scale for Children, 3rd edition (WISC) (Wechsler,et al., 1992). Selective attention, divided attention, and attentional control wereassessed using subtests from the Tests of Everyday Attention for Children (TEA-Ch) (Manly, et al., 2001). Working memory capacity and inhibition were measuredat age 10 using the Counting Span Task (Case, et al., 1982), and the Stop-SignalTask respectively. Focused attention and continuity of attention were assessed atage 13 using the Reaction Time Task. A detailed description of these tasks can befound earlier in this chapter (Study 1. Measures).
4.2.3.4 ProcedureThe study was approved by the ALSPAC Law and Ethics Committee and the LocalResearch Ethics Committees. A full account of the procedures and protocol foradministering interviews and deriving exposure variables can be found in chapter3 (Aims and Methodology).
4.2.3.5 AnalysisAll analytical procedures were identical to those used in study one: including thetransformation of outcomes that were not normally distributed into binaryvariables for logistic regression analysis; use of confounders; and statistical models(see Study One: Measures, for a full description). In addition, the divided attentionoutcome variable of the TEA-Ch was also not normally distributed and wastherefore transformed into a binary variable using the top centile (indicating worstperformance) as a cut-off.
Like study one, association between mother’s ED status and children’sneuropsychological functioning was explored in four models. In the minimallyadjusted model child age, child gender and tester were confounded for due to thesevariables being determined a-priori confounders. Additional confounders thatcould potentially influence outcomes were adjusted for in a second model (fullyadjusted model) after testing whether these variables met criteria for confounding.Additional analyses were carried out by including maternal education as acovariate in a third model, due to this variable potentially being a mediator of
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effects. All results from measures of executive functioning (attention, workingmemory and inhibition), were additionally co-varied for child Full-scale IQ in afourth model. Due to the paucity of evidence in the literature a two-tailed
significance level of p ≤ 0.05 was used. Results significant to the p ≤ 0.1 level were also highlighted for discussion as only small effect sizes were expected.
Missing covariate dataMultiple random imputation was used to deal with missing covariate data. Allpredictor and outcome variables were used as predictors in the imputation model.Missing data were imputed for maternal education, marital status, child ethnicity,social class, maternal age at delivery, and parity for at least one of the analyses. Allanalyses were run on both complete case and imputed datasets for comparisonand differences were negligible. Due to the fact that complete case analysis isthought to suffer from more chance variation, and multiple imputation is assumedto correct any bias, only results based on multiple imputation are presented.
4.2.4 Results
4.2.4.1 Attrition & Missingness
AttritionOverall attrition for the assessment of maternal lifetime ED behaviours: i.e. womenwho were not interviewed; was predicted by a range of socio-demographic factors.Full interview protocol can be found in chapter three (Aims and Methodology). Asignificantly greater proportion of the mothers interviewed were of a higher socialclass; were more highly educated; were married during pregnancy; and older atthe time of delivery. These variables were included as confounders accordingly.
Overall attrition for the assessment of children’s cognition, i.e. children notattending face-to-face assessments, was predicted by a range of socio-demographicfactors. A significantly greater proportion of children who attended the relevantassessments at age 8, 10 and 13 were female, white, did not have siblings, came
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from families with a higher income or of a higher social class, and had parents whowere married at the time of delivery. Children who attended assessments also hadmothers who were older and more highly educated. These variables were includedas confounders accordingly.
MissingnessAdditional missingness of specific outcomes was dealt with by testing the role ofrelevant socio-demographic variables as predictors of missing outcome data, byestimating the odds of having missing data across each cognitive assessment.Missingness was predicted in at least one assessment by social class, maternaleducation, and maternal age at delivery. These variables were included asconfounders accordingly.
Maternal restricting and excessive exercising alone was also predictive of missingdata in the assessment of children’s working memory capacity. A sensitivityanalysis was conducted using multiple random imputation to impute missingoutcome variables, and the data were re-analysed to check for any differences.Differences were small and it was concluded that the results would not be biased.
4.2.4.2 Socio-demographicsSocio-demographic data for the sample used in this study can be found in chapter 3(Aims and Methodology).
4.2.4.3 General Intelligence & Domain Specific Cognition in
children at high risk
Restricting/Excessive Exercising GroupMaternal restricting/excessive exercising was weakly associated with childrenexhibiting comparatively high Full-scale IQ scores; but only in the modeladditionally adjusting for maternal education (B: 3.21, 95% CI: -0.09, 6.51, p =0.06). There was also a trend in the association of maternal restricting/excessiveexercising and high Verbal IQ scores in the children, in the minimally (B: 3.08, 95%CI: -0.40, 6.56, p = 0.08), and fully (B: 3.11, 95% CI: -0.28, 6.51, p = 0.07) adjusted
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models. This association became significant to the 0.05 level when additionallyadjusting for maternal education (B: 3.59, 95% CI: 0.26, 6.91, p = 0.03). In addition,a weak association was observed between maternal restricting/excessiveexercising and children exhibiting comparatively high scores in the VerbalComprehension Index in the minimally adjusted model (B: 2.26, 95% CI: -0.06,4.57, p = 0.06); and this association became statistically significant in both the fullyadjusted model (B: 2.29, 95% CI: 0.02, 4.55, p = 0.05), and when additionallycovarying for maternal education (B: 2.59, 95% CI: 0.37, 4.81, p = 0.02). Withregard to the individual subtests of the WISC-III, maternal restricting/excessiveexercising was significantly associated with children exhibiting high scores in theVocabulary subtest. This was the case in the minimally adjusted model (B: 0.96,95% CI: 0.02, 1.89, p = 0.05); the fully adjusted model (B: 1.00, 95% CI: 0.08, 1.91, p= 0.03); and when additionally covarying for maternal education (B: 1.10, 95% CI:0.19, 2.00, p = 0.02; see tables 18, 20 and 21).
Purging GroupThe children of women in the Purging group exhibited comparatively high scoreson the Similarities subtest of the WISC-III, in the fully adjusted model (B: 1.16, 95%CI: 0.08, 2.25, p = 0.04); and when additionally covarying for maternal education(B: 1.09, 95% CI: 0.03, 2.16, p = 0.05; see table 18).
Bingeing and Purging GroupChildren in this group trended towards having comparatively lower scores in theBlock Design sub-test in the model additionally adjusting for maternal education(B: -0.97, 95% CI: -1.95, 0.01, p = 0.053; see table 19).
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Table 18 Linear Regression Analysis of Children’s Verbal IQ Subtest Scores: comparison of exposed and unexposed groups.n (%) Model 1 Β (95% C.I.) Model 2 Β (95% C.I.) Model 3 Β (95% C.I.)  
Information Unexposed 681(71.5) Ref. Ref. Ref.R & EE 102 (10.7) 0.47 (-0.18, 1.11) 0.48 (-0.15, 1.12) 0.57 (-0.05. 1.19)§Purging 54 (5.7) 0.15 (-0.72, 1.01) 0.23 (-0.62, 1.08) 0.18 (-0.65, 1.10)
Bingeing 56 (5.9) -0.79 (-1.63, 0.06)§ -0.83 (-1.67, 0.00)* -0.79 (1.61, 0.02)§
Bingeing & Purging 60 (6.3) -0.64 (-1.46, 0.18) -0.60 (-1.40, 0.21) -0.75 (-1.54, 0.05)§
Similarities Unexposed 680 (71.6) Ref. Ref. Ref.R & EE 102 (10.7) 0.62 (-0.19, 1.44) 0.63 (-0.18, 1.43) 0.72 (-0.07, 1.52)*
Purging 53 (5.6) 1.06 (-0.04, 2.17)§ 1.16 (0.08, 2.25)* 1.09 (0.03, 2.16)*Bingeing 55 (5.8) 0.20 (-0.88, 1.28) 0.16 (-0.91, 1.22) 0.18 (-0.87, 1.23)
Bingeing & Purging 60 (6.3) -0.82 (-1.86, 0.21) -0.77 (-1.80, 0.25) -0.94 (-1.95, 0.08)§
Arithmetic Unexposed 678 (71.5) Ref. Ref. Ref.R & EE 102 (10.8) 0.38 (-0.50, 1.25) 0.36 (-0.50, 1.22) 0.45 (-0.41, 1.30)Purging 53 (5.6) 0.48 (-0.70, 1.66) 0.54 (-0.62, 1.17) 0.48 (-0.67, 1.63)Bingeing 55 (5.8) 0.10 (-1.06, 1.25) 0.01 (-1.13, 1.15) 0.03 (-1.09, 1.16)Bingeing & Purging 60 (6.3) -0.02 (-1.13, 1.09) -0.03 (-1.13, 1.07) -0.18 (-1.27, 0.91)
Vocabulary Unexposed 675 (71.5) Ref. Ref. Ref.
R & EE 102 (10.8) 0.96 (0.02, 1.89) * 1.00 (0.08, 1.91)* 1.10 (0.19, 2.00)*Purging 53 (5.6) 0.28 (-0.99, 1.54) 0.39 (-0.84, 1.63) 0.32 (-0.90, 1.54)Bingeing 54 (5.7) 0.32 (-0.93, 1.57) 0.29 (-0.93, 1.52) 0.33 (-0.88, 1.54)
Bingeing & Purging 60 (6.4) 1.01 (-0.17, 2.20)§ 1.10 (-0.06, 2.27)§ 0.94 (0.22, 2.09)
Comprehension Unexposed 668 (69.8) Ref. Ref. Ref.R & EE 102 (10.7) 0.27 (-0.50, 1.05) 0.24 (-0.54, 1.01) 0.26 (-0.51, 1.03)Purging 53 (5.5) 0.82 (-0.22, 1.86) 0.82 (-0.22, 1.86) 0.81 (-0.23, 1.84)Bingeing 54 (5.6) 0.21 (-0.82, 1.23) 0.15 (-0.88, 1.17) 0.16 (-0.87, 1.18)
Bingeing & Purging 60 (6.3) 0.85 (-0.13, 1.83)§ 0.80 (-0.18, 1.78) 0.76 (-0.22, 1.74)
§p≤0.1, *p≤0.05, **p≤0.01,  (1) Higher scores indicate better performance.(2) Model 1: Minimally adjusted model, adjusted for child age and gender, and tester. Model 2: Fully adjusted model, adjusted for child age and gender, tester, social class,maternal age at delivery, and marital stability. Model 3: Maternal Education Model, adjusted for child age and gender, tester, social class, maternal age at delivery, maritalstability, and maternal education.
147
Table 19 Linear Regression Analysis of Children’s Performance IQ Subtest Scores: comparison of exposed and unexposed groupsn (%) Model 1 Β (95% C.I.) Model 2 Β (95% C.I.)  Model 3 Β (95% C.I.)
Picture Completion Unexposed 675 (71.3) Ref. Ref. Ref.R & EE 102(10.8) 0.55 (-0.20, 1.31) 0.57 (-0.19, 1.33) 0.64 (-0.12, 1.39)§Purging 54 (5.7) 0.08 (-0.93, 1.09) 0.11 (-0.90, 1.12) 0.07 (-0.93, 1.07)Bingeing 56 (5.9) -0.08 (-1.07, 0.91) -0.09 (-1.07, 0.90) -0.06 (-1.04, 0.92)Bingeing & Purging 60 (6.3) 0.22 (-0.74, 1.18) 0.25 (-0.71, 1.21) 0.13 (-0.83, 1.09)
Coding Unexposed 678 (71.5) Ref. Ref. Ref.R & EE 101(10.7) -0.15 (-0.76, 0.46) -0.14 (-0.75, 0.47) -0.13 (-0.74, 0.48)Purging 54 (5.7) -0.20 (-1.01, 0.62) -0.14 (-0.95, 0.67) -0.15 (-0.96, 0.66)
Bingeing 55 (5.8) -0.41 (-1.21, 0.40) -0.38 (-1.19, 0.42) -0.38 (-0.19, 0.42)Bingeing & Purging 60 (6.3) -0.27 (-1.05, 0.50) -0.21 (0.99, 0.56) -0.24 (-1.01, 0.54)
Picture Arrangement Unexposed 664 (71.4) Ref. Ref. Ref.R & EE 100 (10.8) 0.30 (-0.72, 1.32) 0.26 (-0.75, 1.28) 0.29 (-0.72, 1.31)Purging 53 (5.7) 0.34 (-1.03, 1.70) 0.38 (-0.98, 1.73) 0.35 (-1.00, 1.70)Bingeing 54 (5.8) 0.52 (-0.83, 1.86) 0.44 (-0.90, 1.78) -0.27 (1.56, 1.02)Bingeing & Purging 59 (6.3) -0.19 (-1.49, 1.10) -0.21 (-1.50, 1.08) 0.48 (-0.14, 1.10)
Block Design Unexposed 676 (71.5) Ref. Ref. Ref.R & EE 102 (10.8) 0.41 (-0.37, 1.20) 0.41 (-0.37, 1.19) 0.49 (-0.28, 1.26)Purging 53 (5.6) -0.40 (-1.46, 0.66) -0.33 (-1.38, 0.72) -0.39 (-1.43, 0.65)Bingeing 55 (5.8) 0.05 (-0.99, 1.09) 0.01 (-1.02, 1.04) 0.03 (-0.99, 1.05)
Bingeing & Purging 60 (6.3) -0.86 (-1.86, 0.14)§ -0.84 (-1.83, 0.16)§ -0.97 (-1.95, 0.01)§
Object Assembly Unexposed 631 (71.1) Ref. Ref. Ref.R & EE 96 (10.8) -0.56 (-1.39, 0.23) -0.57 (-1.37, 0.24) -0.54 (-1.35, 0.27)
Purging 51 (5.7) 0.85 (-0.22, 1.93) 0.91 (-0.16, 1.99) 0.90 (-0.17, 1.98)§Bingeing 52 (5.9) -0.23 (-1.29, 0.84) -0.22 (-1.28, 0.85) -0.20 (-1.27, 0.86)Bingeing & Purging 57 (6.4) -0.60 (-1.62, 0.43) -0.53 (-1.55, 0.49) -0.57 (-1.59, 0.45)
§p≤0.1, *p≤0.05, **p≤0.01, (1) Higher scores indicate better performance. (2) Model 1: Minimally adjusted model, adjusted for child age and gender, and tester. Model 2: Fully adjusted model, adjusted for child age and gender, tester, social class, maternal age at delivery, maternal education, and marital stability. Model 3: MaternalEducation Model, adjusted for child age and gender, tester, social class, maternal age at delivery, marital stability, and maternal education.
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Table 20 Linear Regression Analysis of Children’s Summary IQ Scores: comparison of exposed and unexposed groupsn (%) Model 1 Β (95% C.I.) Model 2 Β (95% C.I.) Model 3 Β (95% C.I.) 
Full Scale IQ Unexposed 670 (71.4) Ref. Ref. Ref.R & EE 101 (10.8) 2.78 (-0.66, 6.22) 2.77 (-0.59, 6.14) 3.21 (-0.09, 6.51)§Purging 53 (5.7) 2.33 (-2.29, 6.94) 2.80 (-1.72, 7.32) 2.46 (-1.95, 6.88)Bingeing 54 (5.8) 0.40 (-4.16, 4.96) 0.21 (-4.27, 4.70) 0.39 (-3.98, 4.77)B & P 60 (6.4) -1.15 (-5.50, 3.20) -0.90 (-5.17, 3.38) -1.69 (-5.88, 2.50)
Verbal IQ Unexposed 675 (71.5) Ref. Ref. Ref.
R & EE 102 (10.8) 3.08 (-0.40, 6.56)§ 3.11 (-0.28, 6.51)§ 3.59 (0.26, 6.91)*Purging 53 (5.6) 3.47 (-1.22, 8.16) 3.92 (-0.66, 8.51)§ 3.58 (-0.89, 8.06)Bingeing 54 (5.7) 0.54 (-4.10, 5.18) 0.28 (-4.26, 4.82) 0.48 (-3.95, 4.90)B & P 60 (6.4) 0.33 (-4.09, 4.75) 0.51 (-3.83, 4.84) -0.31 (-4.55, 3.94)
Performance Unexposed 673 (71.4) Ref. Ref. Ref.
IQ R & EE 101 (10.7) 1.12 (-2.41, 4.65) 1.13 (-2.36, 4.63) 1.44 (-2.03, 4.91)Purging 53 (5.6) 1.00 (-3.74, 5.74) 1.36 (-3.34, 6.06) 1.13 (-3.52, 5.78)Bingeing 55 (5.8) -0.54 (-5.18, 4.11) -0.64 (-5.25, 3.98) -0.56 (-5.12, 4.01)B & P 60 (6.4) -2.70 (-7.16, 1.77) -2.46 (-6.89, 1.98) -3.01 (-7.42, 1.30)
§p≤0.1, *p≤0.05, **p≤0.01,  (1) Higher scores indicate better performance. (2) Model 1: Minimally adjusted model, adjusted for child age and gender, and tester. Model 2:Fully adjusted model, adjusted for child age and gender, tester, social class, maternal age at delivery, maternal education, and marital stability.Model 3: Maternal Education Model, adjusted for child age and gender, tester, social class, maternal age at delivery, marital stability, andmaternal education. Model 4: IQ adjusted model, adjusted for child age and gender, tester, social class, maternal age at delivery, maritalstability, maternal education, and child IQ.
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Table 21 Linear Regression Analysis of Children’s IQ Index and Digit Span Scores: comparison of exposed and unexposed groupsn (%) Model 1 Β (95% C.I.) Model 2 Β (95% C.I.) Model 3 Β (95% C.I.) 
Verbal Unexposed 669 (71.5) Ref. Ref. Ref.
Comprehension R & EE 102 (10.9) 2.26 (-0.06, 4.57) 2.29 (0.02, 4.45)* 2.59 (0.37, 4.81)*
Index Purging 53 (5.7) 2.36 (-0.76, 5.48) 2.66 (-0.39, 5.72)§ 2.45 (-0.54, 5.44)Bingeing 53 (5.7) 0.22 (-2.89, 3.32) 0.09 (-2.94, 3.13) 0.20 (-2.77, 3.17)B & P 59 (6.3) 0.28 (-2.68, 3.24) 0.46 (-2.25, 3.36) -0.02 (-2.87, 2.83)
Perceptual Unexposed 627 (70.8) Ref. Ref. Ref.
Organisation R & EE 99 (11.2) 0.75 (-1.48, 2.99) 0.81 (-1.41, 3.03) 0.99 (-1.20, 3.20)
Index Purging 52 (5.9) 0.63 (-2.37, 3.63) 0.87 (-2.11, 3.84) 0.73 (-2.21, 3.67)Bingeing 51 (5.8) 0.86 (-2.15, 3.88) 0.83 (-2.16, 3.82) 0.95 (-2.00, 3.91)B & P 57 (6.4) -1.38 (-4.25, 1.48) -1.20 (-4.05, 1.65) -1.56 (-4.38, 1.27)
Freedom from Unexposed 655 (71.6) Ref. Ref. Ref.
Distraction R & EE 99 (10.8) 0.46 (-0.83, 1.75) 0.44 (-0.84, 1.71) 0.59 (-0.67, 1.85)Purging 52 (5.7) 0.60 (-1.13, 2.34) 0.73 (-0.98, 2.44) 0.63 (-1.05, 2.31)Bingeing 52 (5.7) 0.77 (-0.96, 2.50) 0.70 (-1.00, 2.40) 0.78 (-0.90, 2.45)B & P 57 (6.2) -0.14 (-1.79, 1.52) -0.05 (-1.69, 1.59) -0.27 (-1.88, 1.35)
Digit Span Unexposed 657 (71.5) Ref. Ref. Ref.R & EE 99 (10.8) -0.003 (-0.67, 0.66) -0.001 (-0.66, 0.65) 0.07 (-0.59, 0.72)Purging 52 (5.7) 0.05 (-0.84, 0.94) 0.11 (-0.77, 0.99) 0.06 (-0.81, 0.93)Bingeing 53 (5.8) 0.72 (-0.15, 1.60) 0.70 (-0.17, 1.57) 0.74 (-0.12, 1.60)§B & P 58 (6.3) 0.03 (-0.81, 0.87) 0.07 (-0.76, 0.91) -0.02 (-0.85, 0.80)
§p≤0.1, *p≤0.05, **p≤0.01,  (1) Higher scores indicate better performance. (2) Model 1: Minimally adjusted model, adjusted for child age and gender, and tester. Model 2:Fully adjusted model, adjusted for child age and gender, tester, social class, maternal age at delivery, maternal education, and marital stability.Model 3: Maternal Education Model, adjusted for child age and gender, tester, social class, maternal age at delivery, marital stability, andmaternal education.
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4.2.4.4 Working memory in children at high riskMaternal Bingeing and Purging was associated with children exhibiting higherGlobal Working Memory scores, than the children of healthy controls in the fullyadjusted model (B: 2.08, 95% CI: 0.03, 4.14, p = 0.05). Additionally covarying formaternal education slightly weakened the significance of this association (B: 1.95,95% CI: -0.09, 4.00, p = 0.06); however, when child IQ was added to the model therelationship became highly significant (B: 2.69, 95% CI: 0.64, 4.74, p = 0.01). Noother differences in WM performance were found between the children of exposedand unexposed mothers (see table 22).
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Table 22 Linear Regression Analysis of Children’s Working Memory Scores: comparisons of exposed and unexposed groups (B coefficientsand 95% confidence intervals) Model 1 Model 2 Model 3 Model 4n (%) B (95% C.I.) B (95% C.I.) B (95% C.I.) B (95% C.I.)
Span Score Unexposed 643 (71.4) Ref. Ref. Ref. Ref.Restriction & EE 91 (10.1) 0.07 (-0.12, 0.27) 0.06 (-0.13, 0.25) 0.07 (-0.12, 0.26) 0.03 (-0.17, 0.21)Purging 50 (5.5) 0.04 (-0.21, 0.30) 0.05 (-0.20, 0.31) 0.04 (-0.21, 0.29) 0.004 (-0.24, 0.25)Bingeing 55 (6.1) 0.03 (0.22, 0.27) 0.03 (-0.21, 0.27) 0.02 (-0.22, 0.26) 0.02 (-0.22, 0.26)Bingeing & Purging 62 (6.9) 0.16 (-0.07, 0.38) 0.16 (-0.07, 0.39) 0.14 (-0.08, 0.37) 0.19 (-0.04, 0.41)
Global Score Unexposed 643 (71.4) Ref. Ref. Ref. Ref.Restriction & EE 91 (10.1) 0.17 (-1.58, 1.91) -0.03 (-1.77, 0.03) 0.10 (-1.63, 1.83) -0.22 (-1.94, 1.51)Purging 50 (5.5) 0.60 (-1.58, 1.91) 0.74 (-1.55, 3.03) 0.60 (-1.68, 2.87) -0.03 (-2.28, 2.23)Bingeing 55 (6.1) 0.54 (-1.66, 2.73) 0.58 (-1.60, 2.75) 0.51 (-1.65, 2.67) 0.74 (-1.43, 2.92)Bingeing & Purging 62 (6.9) 2.03 (-0.06, 4.11)§ 2.08 (0.03, 4.14)* 1.95 (-0.09, 4.00)§ 2.69 (0.64, 4.74)**
§p≤0.1, *p≤0.05, **p≤0.01,  (1) Higher scores indicate better performance.(2) Model 1: Minimally adjusted model, adjusted for child age and gender, and tester. Model 2: Fully adjusted model, adjusted for child age andgender, tester, social class, maternal age at delivery, and marital stability. Model 3: Maternal Education model, adjusted for child age andgender, tester, social class, maternal age at delivery, marital stability, and maternal education. Model 4: IQ adjusted model, adjusted for childage and gender, tester, social class, maternal age at delivery, marital stability, maternal education, and child IQ.
152
4.2.4.5 Attention in children at high risk (TEA-Ch)No statistically significant differences were found between the exposed andunexposed groups in selective attention, divided attention, or attentional control,as assessed by the TEA-Ch at age 8 (see table 23).
153
Table 23 Linear and Logistic Regression Analysis of Children’s Attention Scores as Measured by The TEA-Ch: comparisons of exposed andunexposed groups (B coefficients/Odds Ratios and 95% confidence intervals)n (%) Model 1 Model 2 Model 3 Model 4
Selective Attention Unexposed 651 (71.1) Ref. Ref. Ref. Ref.B (95% C.I.) Restriction 102 (11.1) 0.16 (-0.18, 0.51) 0.17 (-0.17, 0.52) 0.16 (-0.19, 0.50) 0.24 (-0.10, 0.58)Purging 50 (5.5) 0.13 (-0.35, 0.61) 0.14 (-0.34, 0.62) 0.16 (-0.32, 0.64) 0.18 (-0.30, 0.65)Bingeing 53 (5.8) 0.15 (-0.32, 0.61) 0.16 (-0.31, 0.62) 0.15 (-0.31, 0.62) 0.14 (-0.32, 0.60)Bingeing & Purging 60 (6.6) 0.30 (-0.15, 0.74) 0.31 (-0.13, 0.75) 0.34 (-0.1, 0.78) 0.32 (-0.11, 0.75)
Divided Attention Unexposed 662 (71.3) Ref. Ref. Ref. Ref.OR (95% C.I.) Restriction 102 (11.0) 1.01 (0.53, 1.94) 1.01 (0.52, 1.96) 1.01 (0.52, 1.96) 1.17 (0.58, 2.38)Purging 51 (5.5) 0.93 (0.37, 2.32) 0.85 (0.33, 2.18) 0.85 (0.33, 2.19) 0.87 (0.31, 2.41)Bingeing 53 (5.7) 0.82 (0.33, 2.05) 0.89 (0.35, 2.23) 0.89 (0.35, 2.23) 0.78 (0.28, 2.16)Bingeing & Purging 60 (6.5) 1.27 (0.57, 2.79) 1.22 (0.55, 2.73) 1.23 (0.55, 2.74) 1.23 (0.54, 2.79)
Attentional Control Unexposed 658 (71.6) Ref. Ref. Ref. Ref.B (95% C.I.) Restriction 101 (11.0) -0.11 (-0.95, 0.74) -0.06 (-0.91, 0.78) -0.09 (-0.93, 0.75) 0.29 (-0.50, 1.08)Purging 50 (5.4) -0.12 (-1.28, 1.05) -0.13 (-1.29, 1.03) -0.10 (-1.26, 1.06) -0.06 (-1.15, 1.03)Bingeing 50 (5.4) 0.02 (-1.15, 1.18) 0.12 (-0.25, 1.28) 0.11 (-1.05, 1.27) 0.25 (0.84, 1.34)Bingeing & Purging 60 (6.5) -0.23 (-1.30, 0.84) -0.25 (-1.32, 0.81) -0.20 (-1.26, 0.87) -0.30 (-1.30, 0.69)
§p≤0.1, *p≤0.05, **p≤0.01,  (1) Model 1. Minimally adjusted model: adjusted for child age and gender, and tester. Model 2. Fully adjusted model: adjusted for child age and gender, tester, social class,maternal age at delivery, maternal education, and marital stability. Model 3. Maternal education model: adjusted for child age and gender, tester, social class, maternal ageat delivery, marital stability, and maternal education. Model 4. IQ adjusted model: adjusted for child age and gender, tester, social class, maternal age at delivery, maritalstability, maternal education, and child IQ.(2) Scores measuring Selective Attention and Attentional Control account for time taken to complete the task, therefore a higher score indicates poorer performance andanalysis was done using linear regression. Divided attention scores indicating the likelihood of scoring in the bottom 10% are the results of logistic, rather than linear,regression. These results indicate the likelihood of each group scoring in the bottom 10% (worst performance)in comparison to controls.
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4.2.4.6 Attention in children at high risk (Reaction Time Task)Maternal purging was predictive of children scoring in the bottom 10% for thenumber of targets detected in the Digit Vigilance subtest of the Reaction TimeTask: in the fully adjusted model (OR: 2.81, 95% CI: 1.10, 7.18, p = 0.03); and whenadditionally adjusting for maternal education and child IQ (OR: 3.42, 95% CI: 1.27,9.20, p = 0.02). The children of mothers in this group also had higher odds ofscoring in the bottom 10% for Continuity of Attention. Again, this was the case inthe fully adjusted model (OR: 2.62, 95% CI: 1.03, 6.71, p = 0.05); and whenadjusting for maternal education and child IQ (OR: 3.76, 95% CI: 1.38, 10.27, p =0.01). No other differences in attentional capacity, as assessed by the reaction timetask, were found between exposed and unexposed groups (see tables 24 and 25).
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Table 24 Logistic Regression Analysis of Children’s Reaction Time Scores: comparisons of exposed and unexposed groups (Odds Ratios and 95%confidence intervals)
Model 1 OR (95% C.I.) Model 2 OR (95% C.I.) Model 3 OR (95% C.I.) Model 3 OR (95% C.I.)
Simple Unexposed Ref. Ref. Ref. Ref.
Reaction R & EE 1.14 (0.53, 2.44) 1.23 (0.52, 2.89) 1.18 (0.50, 2.80) 1.28 (0.49, 3.36)
Time Purging 1.41 (0.55, 3.63) 1.04 (0.34, 3.22) 1.08 (0.35, 3.33) 0.99 (0.26, 3.74)Bingeing 1.59 (0.63, 4.03) 1.59 (0.46, 4.57) 1.64 (0.57, 4.72) 1.10 (0.29, 4.09)B & P 1.21 (0.44, 3.31) 1.17 (0.38, 3.60) 1.18 (0.38, 3.64) 1.24 (0.38, 4.04)
Digit Unexposed Ref. Ref. Ref. Ref.
Vigilance R & EE 1.04 (0.52, 2.09) 0.71 (0.29, 1.73) 0.71 (0.29, 1.72) 0.94 (0.36, 2.43)
(Targets Purging 1.93 (0.83, 0.13) 2.81 (1.10, 7.18)* 2.94 (1.45, 7.52)* 3.42 (1.27, 9.20)*
detected) Bingeing 1.45 (0.58, 3.65) 1.38 (0.45, 4.26) 1.48 (0.48, 4.56) 0.91 (0.22, 3.77)B & P 0.94 (0.35, 2.53) 0.88 (0.28, 2.76) 0.93 (0.30, 2.88) 0.53 (0.14, 2.01)
Digit Unexposed Ref. Ref. Ref. Ref.
Vigilance R & EE 0.79 (0.36, 1.72) 1.03 (0.46, 2.28) 1.04 (0.47, 2.31) 0.98 (0.39, 2.44)
(Speed) Purging 1.74 (0.72, 4.20) 2.03 (1.28, 3.22) 2.01 (0.82, 4.93) 2.19 (0.83, 5.80)Bingeing 0.19 (0.03, 1.44) 0.23 (0.03, 1.73) 2.30 (0.03, 1.73) 0.27 (0.04, 2.03)B & P 0.39 (0.09, 1.66) 0.42 (0.20, 0.90) 0.42 (0.41, 1.69) 0.46 (0.10, 2.04)
Digit Unexposed Ref. Ref. Ref. Ref.
Vigilance R & EE 0.84 (0.36, 1.94) 0.69 (0.26, 1.88) 0.68 (0.25, 1.85) 0.85 (0.30, 2.41)
(False Purging 1.41 (0.46, 4.30) 1.86 (0.59, 5.87) 2.11 (0.66, 6.72) 2.36 (0.71, 7.80)
Alarms) Bingeing 1.33 (0.44, 3.98) 1.81 (0.56, 5.84) 2.06 (0.63, 6.74) 1.05 (0.22, 4.95)B & P 1.57 (0.57, 4.33) 2.13 (0.75, 6.06) 2.25 (0.78, 6.45) 1.67 (0.52, 5.37)
§p≤0.1, *p≤0.05, **p≤0.01, (1) Model 1: Minimally adjusted model: adjusted for child age and gender, and tester. Model 2: Fully adjusted model: adjusted for child age and gender, tester, social class, maternal age at delivery, maternal education, and marital stability. Model 3: IQ adjusted model: adjusted for child age and gender, tester, socialclass, maternal age at delivery, maternal education, marital stability, and child IQ. (2) Simple Reaction Time scores indicate the likelihood of each group being in thehighest 10% for time taken (worst performance) in comparison to controls. Digit Vigilance Targets Detected and Digit Vigilance Speed scores indicate the likelihood ofeach group scoring in the bottom 10% (worst performance) in comparison to controls. Digit Vigilance False Alarms scores indicate the likelihood of each group being inthe highest 10% for false alarms (worst performance) in comparison to controls. (3) N (%) of samples: Unexposed = (%); R & EE = 76 (9.7%); Purging = 44 (5.6%);Bingeing = 44 (5.6%); Bingeing & Purging = 49 (6.3%).
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Table 25 Logistic Regression Analysis of Children’s Reaction Time Scores: comparisons of exposed and unexposed groups continued (Odds Ratios and 95%confidence intervals)
Model 1 OR (95% C.I.) Model 2 OR (95% C.I.) Model 3 OR (95% C.I.) Model 3 OR (95% C.I.)
Choice Unexposed Ref. Ref. Ref. Ref.
Reaction R & EE 0.45 (0.16, 1.29) 0.27 (0.06, 1.16)§ 0.26 (0.06, 1.13) 0.31 (0.07, 1.36)
(Accuracy) Purging 0.49 (0.11, 2.11) 0.61 (0.14, 2.71) 0.63 (0.14, 2.84) 0.71 (0.15, 3.33)Bingeing 0.84 (0.24, 2.86) 1.26 (0.35, 4.51) 1.31 (0.36, 4.69) 1.45 (0.40, 5.33)B & P 1.44 (0.56, 3.71) 1.83 (0.68, 4.91) 1.86 (0.69, 5.00) 1.53 (0.51, 4.58)
Choice Unexposed Ref. Ref. Ref. Ref.
Reaction R & EE 0.81 (0.37, 1.78) 1.04 (0.46, 2.33) 1.01 (0.45, 2.27) 1.01 (0.40, 2.57)
(Time) Purging 1.59 (0.62, 4.08) 1.28 (0.42, 3.90) 1.35 (0.41, 4.39) 1.19 (0.34, 4.21)Bingeing 1.29 (0.51, 3.24) 1.56 (0.60, 4.04) 1.62 (0.62, 4.25) 1.89 (0.68, 4.95)B & P 0.46 (0.11, 1.99) 0.53 (0.12, 2.29) 0.54 (0.26, 1.11) 0.56 (0.26, 1.20)
Continuity Unexposed Ref. Ref. Ref. Ref.
Of R & EE 0.90 (0.41, 1.98) 0.65 (0.24, 1.76) 0.64 (0.24, 1.72) 0.88 (0.31, 2.54)
Attention Purging 1.89 (0.77, 4.60) 2.62 (1.03, 6.71)* 2.79 (1.09, 7.17)* 3.76 (1.38, 10.27)**Bingeing 0.54 (0.13, 2.34) 0.70 (0.15, 3.19) 0.75 (0.17, 3.44) 0.43 (0.05, 3.43)B & P 1.69 (0.70, 4.09) 1.82 (0.69, 4.80) 0.91 (0.72, 5.03) 1.46 (0.49, 4.35)
Power Unexposed Ref. Ref. Ref. Ref.
of R & EE 1.05 (0.51, 2.16) 1.27 (0.61, 2.66) 1.25 (0.60, 2.63) 1.26 (0.55, 2.92)
Attention Purging 1.56 (0.61, 3.97) 1.12 (0.42, 2.98) 1.14 (0.38, 3.42) 1.05 (0.29, 3.76)Bingeing 1.04 (0.39, 2.77) 1.20 (0.44, 3.30) 1.22 (0.44, 3.36) 1.01 (0.33, 3.12)B & P 0.22 (0.03, 1.61) 0.23 (0.08, 0.63) 0.23 (0.08, 0.64) 0.24 (0.09, 0.68)
§p≤0.1, *p≤0.05, **p≤0.01, (1) Model 1: Minimally adjusted model: adjusted for child age and gender, and tester. Model 2: Fully adjusted model: adjusted for child age and gender, tester, social class, maternal age at delivery, maternal education, and marital stability. Model 3: IQ adjusted model: adjusted for child age and gender, tester, socialclass, maternal age at delivery, maternal education, marital stability, and child IQ. (2) Choice Reaction Time, and Power of Attention scores indicate the likelihood of eachgroup being in the highest 10% (worst performance) for time taken in comparison to controls. Choice Reaction Accuracy, and Continuity of Attention scores indicated thelikelihood of each group scoring in the bottom 10% (worst performance) in comparison to controls. (3) N (%) of samples: Unexposed = (%); R & EE = 76 (9.7%); Purging= 44 (5.6%); Bingeing = 44 (5.6%); Bingeing & Purging = 49 (6.3%).
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4.2.4.7 Inhibition in children at high riskNo statistically significant differences were found between exposed and unexposedgroups on measures of behavioural inhibition, as assessed by the stop-signal taskat age 10 (see table 26).
158
Table 26 Linear and Logistic Regression Analysis of Children’s Behavioural Inhibition Scores: Comparison of exposed and unexposed groups.n (%) Model 1 Model 2 Model 3 Model 4
Mean Reaction Unexposed 631 (71.0) Ref. Ref. Ref. Ref.
Time in Restriction & EE 95 (10.7) -12.25 (-26.42, 1.93)§ -12.43 (-26.64, 1.77)§ -12.90 (-27.11, 1.31)§ -5.62 (-20.30, 9.07)
Primary Trials Purging 49 (5.5) -12.20 (-31.43, 7.03) -13.34 (-32.60, 5.91) -12.84 (-32.09, 6.40) -11.38 (-30.82, 8.06)B (95% C.I.) Bingeing 54 (6.1) 6.09 (-12.21, 24.38) 5.45 (-12.84, 23.75) 5.49 (-12.80, 23.78) 4.71 (-14.04, 23.46)Bingeing & Purging 60 (6.7) 0.69 (-16.77, 18.15) -0.03 (-17.50, 17.45) 0.57 (-13.92, 18.06) 3.70 (-14.01, 21.41)
Number of Unexposed 631 (71.0) Ref. Ref. Ref. Ref.
Primary Trials Restriction & EE 95 (10.7) 0.90 (0.43, 1.89) 0.85 (0.40, 1.81) 0.86 (0.40, 1.82) 0.85 (0.38, 1.90)
Correct Purging 49 (5.5) 1.19 (0.47, 3.04) 1.13 (0.44, 2.92) 1.13 (0.44, 2.91) 1.18 (0.45, 3.13)OR (95% C.I.) Bingeing 54 (6.1) 0.79 (0.27, 2.34) 0.76 (0.26, 2.25) 0.76 (0.26, 2.25) 0.87 (0.29, 2.63)Bingeing & Purging 60 (6.7) 0.83 (0.33, 2.06) 0.77 (0.31, 1.94) 0.77 (0.30, 1.93) 0.76 (0.29, 1.95)
Number of SS Unexposed 631 (71.0) Ref. Ref. Ref. Ref.
Trials Correct Restriction & EE 95 (10.7) 1.10 (0.53, 2.29) 1.19 (0.56, 2.51) 1.20 (0.57, 2.54) 1.13 (0.49, 2.59)
At 250ms Purging 49(5.5) 1.21 (0.48, 3.05) 1.26 (0.49, 3.20) 1.13 (0.44, 2.91) 1.50 (0.57, 3.90)
Delay Bingeing 54 (6.1) 1.25 (0.50, 3.13) 1.34 (0.53, 3.40) 0.76 (0.26, 2.25) 1.49 (0.57, 3.90)OR (95% C.I.) Bingeing & Purging 60(6.7) 0.72 (0.24, 2.10) 0.76 (0.26, 2.27) 0.77 (0.30, 1.93) 0.65 (0.19, 2.25)
Number of SS Unexposed 631 (71.0) Ref. Ref. Ref. Ref.
Trials Correct Restriction & EE 95 (10.7) 0.70 (0.33, 1.46) 0.74 (0.35, 1.56) 0.74 (0.35, 1.58) 0.61 (0.26, 1.41)
at 150ms Purging 49 (5.5) 0.80 (0.30, 2.12) 0.79 (0.30, 2.13) 0.79 (0.29, 2.11) 0.80 (0.29, 2.16)
Delay Bingeing 54(6.1) 1.18 (0.52, 2.68) 1.20 (0.52, 2.75) 1.20 (0.52, 2.75) 1.12 (0.46, 2.70)OR (95% C.I.) Bingeing & Purging 60 (6.7) 0.79 (0.32, 1.95) 0.81 (0.32, 2.02) 0.81 (0.32, 2.02) 0.68 (0.25, 1.84)
§p≤0.1,  *p≤0.05,  **p≤0.01 (1) Model 1: Adjusted for child age and gender, and tester. Model 2: (Fully adjusted model) adjusted for child age and gender, tester, social class and maternal age atdelivery. Model 3: Adjusted for child age and gender, tester, family income, maternal age at delivery and maternal education. Model 4: Adjusted for child age and gender,tester, social class, maternal age at delivery, maternal education, and child IQ.(2) Inhibition scores indicating the likely-hood of scoring in the bottom 10% are the results of logistic, rather than linear, regression. The results therefore indicate thelikelihood of each group scoring in the bottom 10% in comparison to controls.
159
4.2.5 Interim Discussion
The aim of this study was to investigate intelligence, global cognition, andexecutive functioning in children who are at high risk of developing an eatingdisorder, in comparison to children who are not. In contrast to study one of thischapter, data on maternal lifetime ED behaviours were used to determine high riskstatus of the children, as opposed to maternal self-reported diagnosis. Overall, theresults showed that the children of women in the restricting/excessive exercisinggroup had higher Verbal IQ; higher scores in the Verbal Comprehension Index; andhigher scores in the Vocabulary subtest of the WISC-III, in comparison to controls.This group also showed a trend towards having comparatively high Full-scale IQ.The children of women in the Purging group showed comparatively high scores inthe Similarities subtest of the WISC-III, when compared to the children of healthycontrol women. The children of women in the Purging group also hadcomparatively higher odds of scoring in the bottom 10% for number of targetsdetected in the Digit Vigilance subtest, and higher odds of scoring in the bottom10% on Continuity of Attention, in the Reaction Time Task. Finally, the children ofwomen in the Bingeing and Purging group showed a trend towards having lowerscores on the Block-design subtest of the WISC-III than unexposed children; butexhibited significantly higher Global Working Memory scores.
4.2.5.1 Intelligence and Global CognitionAs can be seen from the summary above, the children of women with arestricting/excessive exercising phenotype showed higher scores than unexposedchildren in a range of WISC-III scores associated with verbal intelligence. HighVerbal IQ scores appeared to make the main contribution to the comparativelyhigh Full-scale IQ that was observed in this group; and comparatively high scoreswere also observed in the Verbal Comprehension Index, and the Vocabularysubtest. This profile of intelligence/cognition is thought to reflect good verbalknowledge and understanding, particularly the kind of knowledge that is obtainedthrough formal education. High scores in the in the Vocabulary sub-testdemonstrates a good command of language, good communication skills, and a well-developed ability to express oneself; which could be a result of the child being
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exposed to a good educational and cultural background. The Verbal IQ score is asummary score of all scaled verbal subtest scores. Our findings indicate that incomparison to unexposed women, the children of women with arestricting/excessive exercising phenotype have better verbal ability and languagedevelopment; and superior social and cultural understanding. In addition, VerbalIQ is a good predictor of school achievement, which suggests that this group ofchildren will achieve comparatively higher school grades.
High scores in the Verbal Comprehension Index are also thought to reflectextensive exposure to culture and education; as well as good verbal skills, but it isonly in the fully adjusted models that the differences observed between thechildren of women with a restricting/excessive exercising phenotype and thechildren of unexposed women become statistically significant. Under theassumption that a child’s exposure to cultural influences, and the quality of formaleducation they will experience, might be associated with variables that areadjusted for in the fully adjusted models (i.e. social class); our findings suggest thatthe children of women with a restricting/excessive exercising phenotype may havea natural aptitude for this type of learning, and their high scores are not due tobetter education or more cultural exposure. This is only speculation however, andrequires further investigation.
The children of women with a Purging phenotype exhibited higher scores in theSimilarities subtest when compared to unexposed women. High scores on thissubtest are thought to be reflective of good logical thinking and verbal capacities.
Interestingly, the children in this group showed a trend (p ≤ 0.01) towards comparatively higher scores in other Verbal subtests, Verbal IQ, and the VerbalComprehension Index; however these differences did not reach statisticalsignificance (see tables 18, 19 and 21). If considering these trends however, itappears that the children of women with a Purging phenotype have a similarprofile to the children of women with a Restricting/Excessive Exercisingphenotype, also exhibiting good verbal knowledge and understanding. It ispossible that a larger sample would have provided enough power for thedifferences observed to reach statistical significance.
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The comparatively high IQ scores observed in the children of women withRestricting/Excessive Exercising and Purging phenotypes confirms our hypothesesthat the children in these groups would exhibit comparatively high intelligence. Ina study comparing the intelligence of AN women who do and do not meet criteriafor amenorrhea (Watson, 2003), it was found that the group of patients who didhave amenorrhea had higher IQ scores than those who did not; suggesting high IQis associated with ED behaviours that lead to extremely low weight (restricting andpurging), rather than bingeing behaviours. The results of this study suggest thatthis is also true for the children of women who exhibit a Restricting/ExcessiveExercising/Purging phenotype, but not for the children of women who exhibitbingeing behaviours.
There are studies that have found no differences in IQ between AN patients andhealthy controls. Gillberg and colleagues found no differences between groups, andsuggested that this was due to their investigation employing a community samplerather than a clinical sample (I. Gillberg, et al., 1996). Like Gillberg’s study, thisinvestigation employs a large community sample, but differences in IQ were stillobserved between children at high and low risk, and this could be for a number ofreasons: (i) the larger sample employed in this study may have had the necessarypower to detect subtle differences between groups; (ii) the AN group in Gillberg’sstudy were not divided according to the AN-R/AN-BP subtypes meaning their EDsample was more heterogeneous with regard to symptomatology; or (iii) aconsiderable proportion of the AN group in Gillberg’s study experienced cross-over to another diagnosis, but these changes in diagnoses were not taken intoconsideration. In this study participants were grouped according to maternallifetime ED, rather than presentation at initial diagnosis. In addition, participantswere grouped according to maternal behavioural phenotype, which may have amore direct relationship with cognitive functioning than diagnosis.
Galderisi and colleagues found no differences in Full-scale, Verbal or PerformanceIQ, between BN patients and healthy controls (Galderisi, 2010). The results of thisstudy show that the same is true for children at high risk, who are born to mothers
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with a BN like phenotype. This suggests that overall IQ of BN patients iscomparable to healthy controls prior to onset, rather than BN patients having acomparatively high IQ (like AN patients) which is compromised as a result of thedisorder.
Children of women with a Bingeing and Purging phenotype displayed worseperformance on the Block-design subtest than unexposed children: indicatingcomparatively poor perceptual skills and visuo-motor coordination; poor spatialanalysis and visual problem solving; and possible figure-ground deficits. Asoutlined in the interim discussion for study one, evidence pertaining to visuo-spatial functioning in AN and BN patients is conflicting: with some evidence ofsimilar difficulties in ED groups (e.g. I. Gillberg, et al., 2007; Jones, et al., 1991;Sellbom & Gunstad, 2012), and non-clinical samples with bulimic disturbance (e.g.Bosanac, et al., 2007); and also negative findings revealing no impairments (e.g.Eysenck, 1992; Faunce, 2002). The results of this investigation suggest that subtleimpairments in visuo-spatial functioning are present in children at high risk ofdeveloping an ED, due to being born to a mother with a Bingeing and Purgingphenotype. It is worth noting that the mothers in this group may also haveexperienced restricting and/or excessive exercising; it is possible that the poorvisuo-spatial functioning observed in their children is associated with a phenotypethat makes individuals vulnerable to developing all possible ED symptoms.
Overall, our investigation into the development of intelligence and global cognitionin children at high risk appears to make a distinction between children whosemothers have and have not experienced bingeing behaviours. The children ofwomen who have not experienced bingeing behaviours show comparatively highscores in the verbal sub-tests of the WISC, Verbal IQ, and the VerbalComprehension Index; which can be thought of as high crystallized intelligence. Incontrast, the children whose mothers have experienced bingeing behaviours showcomparatively lower scores on the Block Design subtest. These finding areconsistent with the results of study one, in that the children of women with ANexhibited comparatively high IQ. There is also some contrast in the findings fromboth studies: while in study one maternal AN was associated with comparatively
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high Performance IQ in children at risk; in study two, a maternalrestricting/excessive exercising/purging phenotype was associated withcomparatively high Verbal IQ in children at risk. It is difficult to explain why this isthe case, except to say that the results of study two are more in line with previousresearch indicating higher verbal IQ in subjects with AN (Lopez, et al., 2010;Maxell, et al., 1984). It may be that behavioural phenotype has a more directrelationship with cognitive functioning than diagnosis.
4.2.5.2 Working MemoryBased on evidence in the literature, pertaining to clinical groups and using EDdiagnoses, it was predicted that superior Working Memory would be observed inchildren at high risk who were born to mothers with a Restricting/ExcessiveExercising/Purging phenotype. In contrast to my hypothesis, results of statisticalanalysis showed that the children of women with a Bingeing and Purgingphenotype exhibited higher Global Working Memory scores. Of note, the childrenof women exhibiting a Bingeing phenotype also trended towards havingcomparatively high digit span scores on the WISC, also a measure of workingmemory. Though there is evidence in the literature suggesting that ED groups, andsub-clinical groups with ED symptomatology, have impaired working memoryperformance; deficits appear to be a result of cognitions about food, weight andbody shape (e.g. Kemps, et al., 2006; Ohrmann, et al., 2004). These studies indicatethat impairments in Working Memory are a secondary effect of the disorder,mediated by the intrusive thoughts that are associated with an ED; and our findingof superior Working Memory performance in children at high risk supports this. Inaddition, the findings from both the Counting Span Task and the WISC in this studysuggest that superior working memory may be a putative intermediate phenotypethat is specifically associated with a Bingeing phenotype.
While the results of study one found that the children of women reporting AN andAN+BN showed comparatively better working memory capacity, the findings fromthis study showed superior working memory performance in children born tomothers with a Bingeing and Purging phenotype. The differences observed in this
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study are also much larger than those observed in study one. It is possible that thedifferences observed in study one were due to a subset of AN and AN+BN mothersthat exhibited both bingeing and purging behaviours, or had the potential forexhibiting these behaviours in the future.
4.2.5.3 Attention – TEA-ChBased on evidence in the literature and the results of study one, it was predictedthat children at high risk due to being born to mothers with a Bingeing and/orPurging phenotype would exhibit decreased attentional capacity. In contrast to myhypothesis, no statistically significant differences were observed between exposedand unexposed groups on any subtest of the TEA-Ch. In study one, performance onthis task revealed significantly poorer attentional control in the children of womenreporting AN; however, despite being statistically significant the differencesobserved were very small. It is possible that differences were too small to bedetected by the smaller sample employed in this study.
4.2.5.4 Attention – Reaction Time TaskAnalysis of performance on the Reaction Time Task did provide support for myhypothesis regarding attention. Children at high risk, due to being born to amother with a Purging phenotype, had higher odds than unexposed children ofscoring in the bottom 10% for targets detected in the Digit Vigilance subtest, andon the Continuity of Attention summary score. The Continuity of Attentionsummary score is representative of sustained attention and is made up of theaccuracy of responses across sub-tests; including both targets detected and falsealarms in the Digit Vigilance sub-test, and accuracy in the Choice Reaction subtest.There is evidence in the literature that indicates impairments in sustainedattention within AN patients (e.g. Seed, et al., 2000), and mixed findings regardingBN patients (Van den Eynde, Guillaume, et al., 2011). Our finding suggests thatpoor sustained attention may be present prior to onset and therefore independentof illness state; however this putative intermediate phenotype may have a specificassociation with a Purging ED phenotype. In study one, the children of women
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reporting AN, BN, and AN+BN had higher odds than unexposed children ofperforming poorly on the three subtests that contribute to the Continuity ofAttention summary score. The results of this study suggest that these differencesmay have been observed due to the subset of mothers within each of these groupsthat exhibited purging behaviours, or had the potential for exhibiting thesebehaviours in the future.
A previous study assessing the performance of ED participants on the ReactionTime Task found that underweight AN and BN patients scored lower than healthycontrols on the Power of Attention summary score, which is reflective of allocationof attentional processing (Bosanac, et al., 2007). However, these differences werenot observed between weight restored patients and healthy controls, suggestingthe deficits observed were due to low nutritional intake. In this study, nodifferences were observed between exposed and unexposed groups on the Powerof Attention summary score; supporting the notion that impairments in theallocation of attentional processing are state dependent, and unlikely to be presentprior to onset.
4.2.5.5 Behavioural InhibitionContrary to my hypothesis, no statistically significant differences were observedbetween exposed and unexposed groups in behavioural inhibition. As outlinedpreviously (chapter two) studies investigating behavioural inhibition in ED groups,that use the stop-signal task, reveal mixed findings (Boisseau, et al., 2012; Claes, etal., 2011; Galimberti, et al., 2011). The results of study one revealed an associationbetween maternal report of AN or BN and decreased behavioural inhibition;however, differences did not reach significance. Though it is possible thatdifferences in behavioural inhibition were too subtle to detect with the smallersample employed in this study; it is also possible that the results of this studydisconfirm the tentative differences observed in study one. Our findings suggestthat if behavioural inhibition is a trait associated with ED, then it is statedependent and not present prior to onset.
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4.2.6 Study Summary
The findings from study two: investigating the association between maternallifetime ED behaviours and children’s neuropsychological functioning; revealeddifferences in cognitive functioning in children at high risk. The children of womenwith a Restricting/Excessive Exercising phenotype, and to some level women witha Purging phenotype, exhibited higher IQ scores related to verbal intelligence;while a maternal Bingeing and Purging phenotype was associated withcomparatively lower scores in WISC-III subtests. In addition, the children ofwomen with a Bingeing and Purging phenotype showed comparatively poor visuo-spatial functioning; but also revealed a comparatively better working memorycapacity. The children of women with a Purging phenotype showed comparativelypoorer sustained attention. No differences were observed between exposed andunexposed groups on a measure of behavioural inhibition. Our findings lendsupport to the notion that these neuropsychological differences are present priorto onset and are therefore independent of illness state; making them putativeintermediate phenotypes for ED.
4.3 Overall Conclusions
Our findings suggest that the superior intellectual functioning, decreasedattentional capacity, and decreased behavioural inhibition found in clinical EDsamples may be present in high-risk subjects, while impairments in workingmemory do not appear to be. Although differences between groups were smallfrom a clinical perspective, this is to be expected in a high-risk study. Furtherresearch is required to confirm and further explore these findings, but aclarification of the neuropsychological profile of those at high risk of developing anED is extremely important both in relation to the identification of vulnerableindividuals (and therefore preventative efforts), and in furthering ourunderstanding of which neuropsychological profiles are linked to susceptibility forED and which ones might be a scar of these disorders.
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Strengths and LimitationsStrengths and limitations of the studies in this chapter are detailed in the strengthsand limitations section of the thesis (Chapter 7: Strengths and Limitations).
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Chapter 5
Social Cognition in a Community-Based Sample of
Children: an Investigation of Social Communication
and Emotion Recognition
5.1 Introduction
As discussed in chapter three it has been suggested that a quantitative traitapproach to psychiatric illness may be more relevant than the current diagnosticcategorisation, particularly with regard to research in the field of eating disorders(e.g. Treasure, 2012; Zucker, 2007). There is growing evidence to suggest that thedevelopmental traits that are generally associated with ASD, may also be involvedin the development of ED; and disorders of the autism spectrum have been foundto be overrepresented in AN samples (e.g.C. Gillberg, 1983, 1992). Research alsoindicates an overlap of intermediate phenotypes between AN and ASD (e.g. Faunce& Job, 2000; Odent, 2010; Treasure, 2012). In an excellent review of the literature,Zucker and colleagues suggest that the extensive research investigating socialcognition in ASD could be used as a “roadmap” for future research investigatingsocial cognition in ED (Zucker, 2007). Studies have shown that the interpersonalpatterns present in ASD probands are also present at elevated rates in familymembers, denoting interpersonal deficits as putative intermediate phenotypes ofthe disorder (e.g. Piven, Palmer, Jacobi, Childress, & Arndt, 1997). With this inmind, the studies in chapter six investigate the presence of social communicationand emotion recognition deficits in the children of women with an ED. Socialcommunication is assessed using the Social Communication Disorders Checklist(SCDC) (Skuse, Mandy, & Scourfield, 2005), a well-established measure that haspreviously been used to investigate social communication in a large generalpopulation sample (Skuse, et al., 2009). Non-verbal social communication has beenassessed using a subtest of the Diagnostic Analysis of Non-verbal Accuracy(DANVA)(Nowicki & Duke, 1994), which measures one’s capacity to perceive
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another’s emotional state from their facial expression. The DANVA is also a well-established measure that has been used to investigate non-verbal communicationin the general population(Ingersoll, 2010), with results showing an associationbetween subclinical autistic type traits and facial emotion recognition. Finally,emotion recognition from action perception, and understanding of another’smental state, has been measured using the Emotional Triangles Task (Boraston,Blakemore, Chilvers, & Skuse, 2007). This is a fairly novel measure, previously onlyused with a sample of autistic adults.
In this study the use of this measure is tested in a large community sample ofchildren with the purpose of validating its effectiveness in: (i) children as well asadults, and (ii) the general population as well as an autistic sample; prior to usingthe task to investigate emotion recognition in children at high risk of developing anED (chapter 6). Further to this, performance on the two emotion recognition taskswas compared.
5.2 Aims and Hypotheses
The aim of this study was to provide further validation for the use of the EmotionalTriangles Task, prior to using it to investigate emotion recognition capacity inchildren at high risk of developing an ED. This was done by determining whetherthe capacity to recognise emotion from social motion cues (Emotion TrianglesTask) was associated with social communication difficulties, as measured by theSCDC; and by comparing emotion recognition from social motion cues withemotion recognition from facial expression as measured by the DANVA. Based onthe previous literature, it was predicted that children scoring high in socialcommunication difficulties would exhibit poorer emotion recognition when beingassessed on the recognition of emotion from social motion cues (EmotionalTriangles Task), and would be more likely to make a high number oferrors/misattributions when being assessed on facial emotion recognition(DANVA), than children with low scores. Due to the paucity of evidence in theliterature, it was not possible to make predictions regarding the recognition of
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individual emotions. However, due to the accepted gender differences associatedwith social emotion recognition (McClure, 2000), it was predicted that boys withsocial communication difficulties would show a greater degree of deficit inemotion recognition than girls.
5.3 Methods
5.3.1 DesignLongitudinal
5.3.2 ParticipantsA total of 3666 participants were included in this study. Children were excluded ifthey did not have complete data on all three measures employed: The DANVA atage 8; the Emotional Triangles Task at age 13; and the SCDC at age 13.
5.3.3 Measures
Social Communication: The Social Communication Disorders Checklist (SCDC)The SCDC (Skuse, et al., 2005) is a 12 item questionnaire, designed to be completedby parents, measuring social reciprocity and other verbal/non-verbal social traitsthat are characteristic of ASD (see appendix 4). The 12 items describe a range ofbehaviours such as “not aware of other people’s feelings” and “does not pick up onbody language”, and parents are asked to rate whether each behaviour has beenobserved in the child over the previous 6 months. A higher SCDC score is indicativeof more deficits in social communication. Research has shown the measure to havegood internal consistency (0.93), high test-retest reliability (0.81), and highheritability in children of both genders (0.74)(Skuse, et al., 2005). In addition, thissame study found the measure to be predictive of autism in a clinical sample with asensitivity of 0.9 and a specificity of 0.69, when using a threshold score of 9 out of24. For a full description of the measure see previous publications (Skuse, et al.,2005; Skuse, et al., 2009).
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Facial Emotion Recognition: The Diagnostic Analysis of Non-Verbal Accuracy
(DANVA)Facial emotion recognition was assessed using the faces sub-test of theDANVA(Nowicki & Duke, 1994), which has been shown to be both reliable andvalid for use with children of 6 years old and above in the general population(McIntire, Danforth, & Schneider, 1999; Nowicki & Duke, 1994). This computerizedtask measures a child’s ability to recognise emotion from facial cues. Participantsare shown 24 photos depicting children’s faces, and are told that the children inthese photos will be expressing one of four emotions; happiness, sadness, anger orfear. Each photo is displayed for two seconds, and children are expected torespond with which emotion is being expressed. The photos displayed faces thatwere of either high or low intensity, making it easier or harder to recognise theemotion being expressed. Higher scores on this task represent more errors ormisattributions. A total of 11 binary scores indicating whether children made more(above cut-off) or less (below cut-off) errors/misattributions are considered;which were derived by ALSPAC in collaboration with the creator of the task,Stephen Nowicki. Cut-offs for each of the variables was based upon the distributionof scores in the whole sample (see table 27).
Table 27 DANVA outcome variables with binary cut-offs used
Outcome Measures Binary Cut-offHappy Faces (errors) At least one errorSad Faces (errors) At least two errorsAngry Faces (errors) At least four errorsFearful Faces (errors) At least three errorsAll Faces (errors) At least seven errorsAll Low Intensity Faces (errors) At least five errorsAll High Intensity Faces (errors) At least three errorsFaces Misattributed as Happy At least four misattributionsFaces Misattributed as Sad At least three misattributionsFaces Misattributed as Angry At least two misattributionsFaces Misattributed as Fearful At least three misattributions
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Emotion Recognition from Social Cues: The Emotional Triangles TaskThis computerized task measures the participant’s ability to attribute an emotionalmental state to non-human animate entities. Participants are shown 24, 5-secondanimations consisting of a triangle and a circle moving around the screen. In 20 ofthe animations the triangle moves around in a self-propelled and purposefulmanner which is designed to evoke a mental state attribution of a particularemotion; happy, sad, angry or scared. In the other four animations the trianglemoves in a manner that is designed to look inanimate or ‘not living’. After eachanimation the participant is asked one of two questions: (i) whether the triangle isliving and if so how living (0 = definitely not living to 5=definitely living), or (ii)whether the triangle has a particular emotion out of the possible four, and howsure the participant is that the triangle is displaying this particular emotion (0 =not at all to 5 = extremely). In some cases this emotion correctly corresponds tothe animation, while in others it does not. Prior to the 28 test trials, participantshad to complete four practice trials to ensure they have understood the task. Atotal of 4 outcome variables, representative of emotion recognition ability for eachof the four emotions assessed, will be considered here; with a higher scorerepresenting better emotion recognition ability. For further details of the task,scoring, or animations see Boraston et al., 2007 (Boraston, et al., 2007).
5.3.4 ProcedureThis study was approved by the ALSPAC Law and Ethics Committee and the LocalResearch Ethics Committees.
5.3.5 AnalysesAll variables were checked for inconsistencies/outliers using tabulations, graphsand plots. For participants with less than 25% missing data on the SCDC, totalscores were calculated using prorating. Data were analysed using the SCDC score
(the predictor) as a binary variable according to the recommended cut-off of ≥ 9 which is predictive of a diagnosis of autism in clinical samples.
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The distribution of variables was inspected for normality. Scores from the DANVAwere not normally distributed, (and could not be transformed); therefore thebinary variables that had been created (described above) were used and a logisticregression was conducted to analyse this data. Scores from the EmotionalTriangles task were normally distributed, therefore linear regression was used toanalyse this data.
Gender of child, age of child at time of each assessment, and the tester conductingthe emotion recognition task were included as a priori covariates in a minimallyadjusted model. Additional confounders that could potentially influence outcomeswere adjusted for in a second model (fully adjusted model) after testing whetherthese variables met criteria for confounding. All analyses were conducted on boysand girls separately and together, using SPSS 18. The standard two-tailed
significance level of p ≤ 0.05 was used. 
Missing covariate dataMultiple random imputation was used to deal with missing covariate data. Allpredictor and outcome variables were used as predictors in the imputation model.Missing data were imputed for marital status, child ethnicity, social class, age ofchild at time of testing, and parity for at least one of the time points. All analyseswere run on both complete case and imputed datasets for comparison anddifferences were negligible. Due to the fact that complete case analysis is thoughtto suffer from more chance variation, and multiple imputation is assumed tocorrect any bias, only results based on multiple imputation are presented.
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5.4 Results
5.4.1 AttritionAttrition, i.e. children who did not have complete data on all three measures (afterprorating of SCDC scores), was predicted by child gender, ethnicity, parity andgestational age, marital status of mother during pregnancy, and social class (seetable 28). These variables were included as confounders in the fully adjustedmodel accordingly.
5.4.2 Socio-demographic dataThe socio-demographic data of children included in this study, in comparison tothe socio-demographic data of the whole ALSPAC sample, can be found in table 28.A relatively small percentage of children were non-white, of lowest parental social-class (manual), and had mothers that were unmarried during pregnancy. On allother factors, the children were split approximately equally among groups.
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Table 28 Comparison of socio-demographic data of whole ALSPAC sample and sample included in study; and results of logistic regressionanalysis of whether socio-demographic factors are predictive of attritionWhole ALSPAC Sample Sample Included in Analysis p-value
Child Gender (male) 7579 (51.5%) 1796 (49%) 0.0001
Child Ethnicity (white) 10715 (92.5%) 3465 (94.4%) 0.0001
Parity (multiparous) 6473 (55.2%) 1814 (50.3%) 0.0001
Marital Status of Mother
at Enrolment (married) 9085 (76.6%) 3056 (84.0%) 0.0001
Lowest Combined Parental Social Class(Manual: III-manual – V) 2247 (19.4%) 384 (10.5%) 0.0001
Gestational Age 39.41 (2.27) 39.49 (1.73) 0.01N.B. p-values are the outcome of logistic regression analysis of whether socio-demographic factors are predictive of attrition
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5.4.3 Emotion Recognition from Facial Cues (DANVA)
All ChildrenChildren scoring above the cut-off on the SCDC (9/24) had higher odds thanchildren scoring below the cut-off of making more errors in the recognition of allfaces (OR: 1.56, 95% CI: 1.15, 2.12; p = 0.004); all high intensity faces (OR: 1.68,95% CI: 1.24, 2.29; p = 0.001); and all low intensity faces (OR: 1.61, 95% CI:1.18,2.20; p = 0.004; See methodology for description of more/less errors).
With regard to the association between SCDC score and recognition of eachindividual emotion, children scoring above the cut-off on the SCDC hadcomparatively higher odds of making more errors in the recognition of sad faces(OR: 1.62, 95% CI: 1.18, 2.24; p = 0.004; angry faces (OR: 1.49, 95% CI: 1.07, 2.09; p= 0.02); and fearful faces (OR: 1.60, 95% CI: 1.16, 2.21; p = 0.004); and higher oddsof misattributing more faces as happy (OR: 2.10, 95% CI: 1.50, 2.93; p = 0.0001);and angry (OR: 1.57, 95% CI: 1.08, 2.29; p = 0.02; see table 29).
Female ChildrenGirls scoring above the cut-off on the SCDC had comparatively higher odds ofmisattributing more faces as happy (OR: 1.90, 95% CI: 1.08, 3.35; p = 0.03; seetable 30).
Male ChildrenBoys scoring above the cut-off on the SCDC had comparatively higher odds ofmaking more errors in the recognition of all faces (OR: 1.92, 95% CI: 1.40, 2.63; p =0.0001); all high intensity faces (OR: 2.09, 95% CI: 1.52, 2.88; p = 0.0001); and alllow intensity faces (OR: 1.82, 95% CI: 1.31, 2.51; p = 0.0001). With regard to theassociation between SCDC scores and recognition of each emotion individually,boys scoring above the SCDC cut-off had higher odds of making more errors in therecognition of sad faces (OR: 1.82, 95% CI: 1.20, 2.74; p = 0.004); angry faces (OR:2.05, 95% CI: 1.37, 3.08; p = 0.0001); and fearful faces (OR: 1.69, 95% CI: 1.11,2.58; p = 0.02); and also trended towards having higher odds of making errors inthe recognition of happy faces (OR: 1.45, 95% CI: 0.98, 2.13; p = 0.06). Boys withhigh SCDC scores also had higher odds of misattributing more faces as happy (OR:
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2.17, 95% CI: 1.42, 3.32; p = 0.001); sad (OR: 1.54, 95% CI: 1.01, 2.35; p = 0.05);and angry (OR: 1.73, 95% CI: 1.05, 2.87; p = 0.03; see table 31).
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Table 29 Logistic Regression Analysis of Children’s Facial Emotion Recognition (DANVA) Scores: comparison of children scoring above andbelow the established threshold on the SCDC (odds ratios and 95% confidence intervals).
Minimally Adjusted Model Fully Adjusted Modeln OR (95% C.I.) OR (95% C.I.)Happy Faces (at least one error) 4969 1.11 (0.86, 1.43) 1.36 (1.00, 1.84)*
Sad Faces (at least two errors) 4969 1.45 (1.11, 1.90)** 1.62 (1.18, 2.24)**
Angry Faces (at least four errors) 4969 1.50 (1.14, 1.97)** 1.49 (1.07, 2.09)*
Fearful Faces (at least three errors) 4969 1.55 (1.20, 2.02)** 1.60 (1.16, 2.21)**
All Faces (at least seven errors) 4969 1.62 (1.27, 2.07)** 1.56 (1.15, 2.12)**
All Low Intensity Faces (at least five errors) 4969 1.61 (1.25, 2.07)** 1.61 (1.18, 2.20)**
All High Intensity Faces (at least three errors)4969 1.71 (1.33, 2.19)** 1.68 (1.24, 2.29)**
Misattributed as Happy (at least four) 4872 1.90 (1.44, 2.50)** 2.10 (1.50, 2.93)**Misattributed as Sad (at least three) 4872 1.23 (0.92, 1.64) 1.24 (0.87, 1.77)
Misattributed as Angry (at least two) 4872 1.44 (1.05, 1.98)* 1.57 (1.08, 2.29)*Misattributed as Fearful (at least two) 4872 1.24 (0.95, 1.61) 1.19 (0.86, 1.65)
§ p ≤ 0.1, *p ≤ 0.05, **p ≤ 0.01 (1) Minimally adjusted model: Adjusted for child age, child gender, and tester. Fully adjusted model: Adjusted for child age, child gender,tester, gestational age, marital status, parity, social class, and child ethnicity (descriptions of these variables can be found in chapter 2,methodology).(2) Table shows odds of children scoring above established thresholds on the DANVA (stated in table) when scoring above the established
threshold on the SCDC of  ≥ 9 out of 24 vs. scoring < 9 out of 24. 
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Table 30 Logistic regression analysis of female children’s facial emotion recognition (DANVA): comparison of children scoring above andbelow the established threshold on the SCDC (odds ratios and 95% confidence intervals).
Minimally Adjusted Model Fully Adjusted ModelN = 2499 OR (95% C.I.) OR (95% C.I.)Happy Faces (at least one error) 0.96 (0.62, 1.49) 1.17 (0.69, 1.99)Sad Faces (at least two errors) 1.15 (0.73, 1.80) 1.30 (0.75, 2.27)Angry Faces (at least four errors) 0.98 (0.59, 1.62) 0.64 (0.31, 1.34)
Fearful Faces (at least three errors) 1.47 (0.98, 2.20)§ 1.47 (0.87, 2.49)All Faces (at least seven errors) 1.23 (0.82, 1.84) 0.97 (0.56, 1.66)All Low Intensity Faces (at least five errors) 1.33 (0.88, 2.01) 1.25 (0.73, 2.13)All High Intensity Faces (at least three errors) 1.22 (0.80, 1.86) 1.05 (0.60, 1.82)
Misattributed as Happy (at least four) 1.88 (1.22, 2.90)** 1.90 (1.08, 3.35)*Misattributed as Sad (at least three) 0.76 (0.44, 1.34) 0.70 (0.33, 1.48)Misattributed as Angry (at least two) 1.44 (0.89, 2.32) 1.41 (0.77, 2.57)Misattributed as Fearful (at least two) 1.08 (0.71, 1.65) 0.92 (0.53, 1.60)
§ p ≤ 0.1, *p ≤ 0.05, p ≤ 0.01 (1) Minimally adjusted model: Adjusted for child age and tester. Fully adjusted model: Adjusted for child age, tester, gestational age, maritalstatus, parity, social class, and child ethnicity.(2) Table shows odds of female children scoring above established thresholds on the DANVA (stated in table) when scoring above the
established threshold on the SCDC of  ≥ 9 out of 24 vs. scoring < 9 out of 24. 
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Table 31 Logistic regression analysis of male children’s facial emotion recognition (DANVA): comparison of children scoring above and belowthe established threshold on the SCDC (odds ratios and 95% confidence intervals).
Minimally Adjusted Model Fully Adjusted Modeln OR (95% C.I.) OR (95% C.I.)Happy Faces (at least one error) 2470 1.19 (0.86, 1.65) 1.45 (0.98, 2.13)§
Sad Faces (at least two errors) 2470 1.66 (1.18, 2.34)** 1.82 (1.20, 2.74)**
Angry Faces (at least four errors) 2470 1.80 (1.29, 2.52)** 2.05 (1.37, 3.08)**
Fearful Faces (at least three errors) 2470 1.57 (1.11, 2.22)** 1.69 (1.11, 2.58)*
All Faces (at least seven errors) 2470 1. 92 (1.40, 2.62)** 2.00 (1.36, 2.94)**
All Low Intensity Faces (at least five errors) 2470 1.80 (1.30, 2.48)** 1.89 (1.27, 2.80)**
All High Intensity Faces (at least three errors)2470 2.10 (1.53, 2.88)** 2.16 (1.44, 3.25)**
Misattributed as Happy (at least four) 2423 1.87 (1.31, 2.69)** 2.17 (1.42, 3.32)**
Misattributed as Sad (at least three) 2423 1.49 (1.06, 2.10)* 1.54 (1.01, 2.35)*Misattributed as Angry (at least two) 2423 1.45 (0.94, 2.23)§ 1.73 (1.05, 2.87)*Misattributed as Fearful (at least two) 2423 1.37 (0.97, 1.93)§ 1.42 (0.93, 2.16)
§ p ≤ 0.1, *p ≤ 0.05, p ≤ 0.01 (1) Minimally adjusted model: Adjusted for child age and tester. Fully adjusted model: Adjusted for child age, tester, gestational age, maritalstatus, parity, social class, and child ethnicity.(2)Table shows odds of male children scoring above established thresholds on the DANVA (stated in table) when scoring above the
established threshold on the SCDC of  ≥ 9 out of 24 vs. scoring < 9 out of 24. 
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5.4.4 Emotion Recognition from Social Motion Cues (Emotional
Triangles)
All ChildrenChildren scoring above the cut-off on the SCDC demonstrated worse performanceon the Emotional Triangles task, than children scoring below the cut-off; withsignificantly lower scores in the happy (B: -0.51, 95% CI: -0.73, -0.29, p = 0.0001),and sad (B: -0.28, 95% CI: -0.45, -0.11, p = 0.001) conditions. High scores on theSCDC also trended towards being predictive of low scores in the scared condition(B: -0.17, 95% CI: -0.37, 0.03, p = 0.09). No association was found between scoringabove the threshold on the SCDC and emotion recognition in the angry condition(see table 32).
Female ChildrenGirls scoring above the cut-off on the SCDC demonstrated worse performance onthe Emotional Triangles task than girls scoring below the cut-off; with significantlylower scores in the happy (B: -0.47, 95% CI: -0.80, -0.14, p = 0.005), and sad (B: -0.35, 95% CI: -0.61, -0.08, p = 0.01) conditions. No significant differences wererevealed in the angry or scared conditions (see table 33).
Male ChildrenSimilarly to girls, boys scoring above the cut-off on the SCDC demonstratedcomparatively lower scores in the happy condition (B: -0.55, 95% CI: -0.85, -0.24, p= 0.0001); and the sad condition of the Emotional Triangles task (B: -0.23, 95% CI:-0.45, -0.01; p = 0.04). No significant differences were found in the angry or scaredconditions (see table 34).
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Table 32 Linear regression analysis of children’s emotion recognition (EmotionalTriangles) scores: comparison of children scoring above and below the establishedthreshold on the SCDC (B coefficients and 95% confidence intervals).Minimally Adjusted Model Fully Adjusted ModelN = 4388 B (95% CI) B (95% CI)Angry 0.01 (-0.15, 0.17) -0.05 (-0.24, 0.15)
Happy -0.42 (-0.59, -0.24)** -0.51 (-0.73, -0.29)**
Sad -0.15 (-0.29, -0.01)* -0.28 (-0.45, -0.11)**Scared -0.15 (-0.31, 0.01)§ -0.17 (-0.37, 0.03)§
§ p ≤ 0.1, *p ≤ 0.05, p ≤ 0.01 (1) Minimally adjusted model: Adjusted for child age, child gender, and tester. Fullyadjusted model: Adjusted for child age, child gender, tester, gestational age, maritalstatus, parity, social class, and child ethnicity.(2) Table shows Emotional Triangles scores of children scoring above the
established threshold on the SCDC of  ≥ 9 out of 24 vs. children scoring < 9 out of 24. 
Table 33 Linear regression analysis of female children’s emotion recognition scores(Emotional Triangles): comparison of children scoring above and below theestablished threshold on the SCDC (B coefficients and 95% confidence intervals).Minimally Adjusted Model Fully Adjusted ModelN = 2237 B (95% CI) B (95% CI)Angry -0.09 (-0.37, 0.19) -0.001 (-0.31, 0.31)
Happy -0.48 (-0.78, -0.17)** -0.47 (-0.80, -0.14)**
Sad -0.35 (-0.59, -0.11)** -0.35 (-0.61, -0.08)**Scared -0.19 (-0.48, 0.10) -0.15 (-0.46, 0.17)
§ p ≤ 0.1, *p ≤ 0.05, p ≤ 0.01 (1) Minimally adjusted model: Adjusted for child age and tester. Fully adjustedmodel: Adjusted for child age, tester, gestational age, marital status, parity, socialclass, and child ethnicity.(2) Table shows Emotional Triangles scores of children scoring above the
established threshold on the SCDC of  ≥ 9 out of 24 vs. children scoring < 9 out of 24.
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Table 34 Linear regression analysis of male children’s emotion recognition scores(Emotional Triangles): comparison of children scoring above and below theestablished threshold on the SCDC (B coefficients and 95% confidence intervals).Minimally Adjusted Model Fully Adjusted ModelN = 2151 B (95% C.I.) B (95% C.I.)Angry -0.05 (-0.27, 0.18) -0.06 (-0.31, 0.19)
Happy -0.44 (-0.72, -0.17)** -0.55 (-0.85, -0.24)**Sad -0.17 (-0.37, 0.03)§ -0.23 (-0.45, -0.01)*Scared -0.17 (-0.41, 0.06) -0.17 (-0.43, 0.09)
§ p ≤ 0.1, *p ≤ 0.05, p ≤ 0.01 (1) Minimally adjusted model: Adjusted for child age and tester. Fully adjustedmodel: Adjusted for child age, tester, gestational age, marital status, parity, socialclass, and child ethnicity.(2) Table shows Emotional Triangle scores of children scoring above the
established threshold on the SCDC of  ≥ 9 out of 24 vs. children scoring < 9 out of 24. 
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5.5 Discussion
The aim of this study was to investigate whether emotion recognition capacity wasassociated with social communication deficits in a community sample of childrenusing two measures: one assessing the recognition of emotion from facial cues(DANVA); and the other assessing the recognition of emotion from social motion cues(Emotional Triangles Task). This was done to validate the use of the EmotionalTriangles task in a general population sample of children, prior to using it to assessemotion recognition in children at high risk of developing an ED (chapter 6). Insummary, the results of statistical analysis revealed an association between socialcommunication deficits (as measured by the SCDC), and impaired emotion recognitionfrom facial cues (DANVA) and social motion cues (Emotional Triangles Task). Thesefindings are discussed in more detail below.
5.5.1 Facial Emotion RecognitionChildren scoring above the cut-off on the SCDC had significantly higher odds ofmaking more errors in the recognition of all faces, all high intensity faces, and all lowintensity faces. With regard to each individual emotion, children scoring above theSCDC threshold had higher odds of making more errors in the recognition of sad,angry and fearful faces; and higher odds of misattributing faces as happy and angry.When analyzing the performance of girls and boys separately, results were found tobe quite different for each gender. Boys scoring above the cut-off on the SCDC hadsignificantly higher odds of making more errors in the recognition of all faces, all highintensity faces, and all low intensity faces. With regard to each individual emotion,boys scoring above the SCDC threshold had higher odds of making errors in therecognition of sad, angry and fearful faces; trended towards having higher odds ofmaking errors in the recognition of happy faces; and also had significantly higher oddsof misattributing faces as happy and sad. The profile of girls was very differenthowever, with the only significant association being between high SCDC scores andcomparatively high odds of misattributing faces as happy. As can be seen, while boys
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scoring above the SCDC threshold demonstrate comparatively poor performanceacross the majority of outcome variables, girls scoring above the SCDC thresholdappear to be relatively unimpaired.
Ingersoll and colleagues have previously investigated the association between autistictraits and facial emotion recognition in a non-clinical sample(Ingersoll, 2010).Assessing the performance of a large sample of undergraduate students, they foundthat high scores on the Autism Spectrum Quotient were also associated with a highnumber of errors in the overall recognition of emotion from facial cues on the DANVA.Our results were not entirely consistent with this study when breaking down emotionrecognition according to each emotion however. In contrast to this study, which foundthat a high score on the Autism Spectrum Quotient was associated with impairedrecognition of anger and sadness, but not happiness or fear, our findings suggest thatimpaired social communication is associated with more frequent errors in therecognition of anger, sadness and fear when analyzing the performance of boys andgirls together. Differences in results could be due to a number of reasons. Firstly, thestudy by Ingersoll investigated the association between emotion recognition, andcharacteristics of ASD from all three domains: restrictive and repetitive behaviours;communication; and social interaction. In contrast, the present study investigated theassociation between emotion recognition, and characteristics of ASD from the socialand communication domains only. Secondly, the community sample investigated inthis study is much larger than the sample of undergraduate students investigated byIngersoll. It is possible that in breaking down performance according to each emotion,this previous study did not have the power to pick up differences in the recognition offearful faces. Thirdly, in the present study emotion recognition was assessed whenparticipants were approximately 8 years of age; while the study by Ingersollinvestigated emotion recognition in a sample of undergraduate students. It is possiblethat the difference in findings relating to the recognition of fear is associated to thedifferent developmental stages of the participant groups in each study. It is worthnoting however that like this previous investigation, only significantly increasederrors in the recognition of negative emotions from facial cues were found when
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analyzing the whole sample. This is also consistent with findings from studiesinvestigating the parents of children with autism (Palermo, Pasqualetti, Barbati,Intelligente, & Rossini, 2006), and high functioning individuals with autism (Ashwin,Chapman, Colle, & Baron-Cohen, 2006).
When analyzing the facial recognition capacity of boys and girls separately resultsshowed that in addition to impaired recognition of sadness, anger, and fear, boys withsocial communication deficits also exhibited impaired recognition of happiness fromfacial expressions; though this association did not quite reach statistical significance.It is possible that this finding reflects impairment in the recognition of all emotions forboys who scored above the threshold on the SCDC. On the other hand, as the level ofsignificance was not adjusted for multiple comparisons, it is possible that this findingwas due to chance. Previous research investigating facial emotion recognition in asample of male adults with Autism Spectrum Disorders has found that deficits areonly observed in the recognition of anger, sadness and fear (Philip, Whalley, Stanfield,Sprengelmeyer, Santos, Young, Atkinson, Calder, Johnston, et al., 2010); thereforefurther investigation is required to determine whether the impaired recognition ofhappiness in this sample of boys is a true finding. In contrast to the performance ofboys, high SCDC scores were not associated with deficits in the recognition of anyemotions for girls. This finding supports the hypothesis that boys with socialcommunication deficits would exhibit a greater degree of impairment than girls. Itcannot be determined however whether the superior performance of girls scoringhigh on the SCDC is due to a lack of impairment in facial emotion recognition, orwhether girls are better able to learn the relationship between particular facial cuesand what they represent with regard to the emotions of others. It is possible that asuperior ability to learn and make associations masks a true deficit in emotionrecognition in girls.
When analyzing the performance of the whole sample, children high in socialcommunication difficulties had higher odds of misattributing faces as happy andangry. When analyzing the performance of boys alone, results showed that social and
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communication deficits were associated with higher odds of misattributing faces ashappy and sad. Girls scoring above the threshold on the SCDC also had higher odds ofmisattributing faces as happy, but this association was not observed with any otheremotion. Interestingly, social and communication deficits were not associated withthe misattribution of faces as fearful in the whole sample, or when the performance ofboys and girls was analysed separately.
Adjusting for Multiple ComparisonsAs the aim of this study is to validate a novel emotion recognition task for use withchildren, significance levels have not been adjusted for multiple comparisons. It isworth noting however that if significance levels were adjusted using the Bonferroni-Holm method, high SCDC scores would no longer significantly predict errors in therecognition of happy or angry faces, or misattributions of faces as angry, whenanalysing the performance of the sample as a whole, In addition, high SCDC scoreswould no longer predict errors in the recognition of fearful faces, or misattributions offaces as sad or angry, when analysing the performance of boys alone. Finally, adjustingfor multiple comparisons would result in there being no significant associationsbetween SCDC scores and facial emotion recognition in girls.
5.5.2 Emotion Recognition from Social Motion CuesChildren scoring above the cut-off on the SCDC showed significantly poorerrecognition of happiness and sadness than children scoring below the cut-off; and alsotrended towards comparatively poor recognition of fear. When analyzing theperformance of girls and boys separately it was found that both groups demonstrateda similar profile to each other; and to the sample as a whole. Both girls and boysscoring above the SCDC threshold showed poorer recognition of happiness andsadness in comparison to those scoring below the threshold.
Our findings are partially consistent with the results of a previous investigation usingthis novel measure (Boraston, et al., 2007). Boraston and colleagues found that adults
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with Autism also showed decreased performance in the recognition of sadness, butdid not find impairments in the happy, angry or scared conditions. However, results ofstatistical analysis in this study suggest that there was a great degree of variation inthe scores of these three conditions. The authors speculated that in a larger sample,deficits in the recognition of the other emotions might become apparent. Our findingthat the recognition of fear and happiness are impaired in children with socialcommunication difficulties support the prediction of Boraston and colleagues.
Adjusting for Multiple ComparisonsAs mentioned above the aim of this study is to validate a novel emotion recognitiontask for use with children; therefore significance levels have not been adjusted formultiple comparisons. It is worth noting however that if significance levels wereadjusted using the Bonferroni-Holm method, high SCDC scores would no longersignificantly predict errors in the recognition of sadness from social motion cues whenanalysing the performance of boys alone.
5.5.3 Differences in the Recognition of Emotion from Facial
Expression and Social Motion CuesThe performance of children exhibiting social communication deficits was notconsistent between the two tasks. When analyzing the performance of girls and boystogether, impaired recognition of emotion from sad, angry, and fearful faces wasobserved on the DANVA; however impaired recognition of happiness and sadnessfrom social motion cues was observed on the Emotional Triangles Task. Despite thelack of consistency between the two tasks, the findings of this study are consistentwith previous research investigating emotion recognition in individuals with AutismSpectrum Disorders. Extensive research into the facial emotion recognition capacity ofsamples with ASD provides evidence for the presence of impairment in therecognition of all emotions: sadness, anger, fear, surprise and disgust; but not forhappiness (Ashwin, et al., 2006; Boraston, et al., 2007; Corden, Chilvers, & Skuse,2008; Humphreys, Minshew, Leonard, & Behrmann, 2007; Pelphrey, et al., 2002;
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Wallace, Coleman, & Bailey, 2008). However there is evidence in the literaturepertaining to groups with ASD of impaired happiness recognition from bodymovement and vocal cues (Philip, Whalley, Stanfield, Sprengelmeyer, Santos, Young,Atkinson, Calder, Johnstone, et al., 2010).
The evidence to date suggests that impaired emotion recognition in ASD groups existacross a range of stimulus domains, and the specific emotions that are impaired mayvary across these modalities (Philip, Whalley, Stanfield, Sprengelmeyer, Santos,Young, Atkinson, Calder, Johnstone, et al., 2010). Our findings suggest that this is notonly the case in ASD populations, but also in a community sample of children high insocial communication difficulties. The implications of this finding are that: (i) theassociation between deficits in social communication and emotion recognition may beone that exists on a spectrum throughout the whole population, rather than only beingpresent in clinical groups; and (ii) emotion recognition capacity may vary according tothe stimuli that an individual is responding too.
A secondary hypothesis of this study was that boys with social communication deficitswould show a greater degree of deficit in emotion recognition than girls. Results fromthe DANVA confirm this hypothesis. When analyzing facial emotion recognitionseparately for males and females, it was found that boys with high scores on the SCDC,indicative of social communication deficits, made a high number of errors in therecognition of angry, sad and fearful faces. In contrast, girls high in socialcommunication difficulties did not make a higher number of errors in the overallrecognition of emotion from faces or in the recognition any emotion individually. Infact, the only indication that social communication difficulties were associated tofacial emotion recognition in girls was that they had higher odds of frequentlymisattributing faces as happy. These findings indicate the presence of a general deficitin facial emotion recognition in boys, but a bias in emotion recognition in girls.
Results from the Emotional Triangles task, when analyzing the performance of boysand girls separately, were very different to results from performance on the DANVA.
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In girls, high scores on the SCDC were associated with poorer emotion recognition inthe happy and sad conditions; while in boys high SCDC scores were only associatedwith poorer emotion recognition in the happy condition. This is in contrast to ourprediction that boys would show a greater degree of impairment than girls. It ispossible that the female advantage in facial emotion processing (McClure, 2000), doesnot extend to the recognition of emotion from other domains or modalities. Analternative explanation is that females are able to learn the meaning of facial cues withregard to emotion better than males, masking an existing deficit, and that this learningis not effective at masking the deficit present when using other cues to communicateemotion (such as social motion cues).
5.6 ConclusionsThe results of this study provide further validation for the Emotional Triangles Task,and its use in (i) a general population sample; and (ii) children as well as adults.Results also suggest that the Emotional Triangles task may be a better test of emotionrecognition within females, who show less impairment in a test of facial emotionrecognition. This finding suggests that the task would be a useful measure to assessemotion recognition in children at high risk of developing an ED.
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Chapter 6
Social Cognition in Children at High Risk of
Developing an Eating Disorder
6.1 Social Communication and Emotion Recognition in Children at
High Risk of Developing and Eating Disorder
6.1.1 IntroductionAs discussed in chapter one, research investigating the social communication andemotion recognition abilities of individuals with ED is increasing. Similar lines ofresearch into groups with other psychiatric illnesses such as schizophrenia havefound that such indices of social cognition mediate the relationship betweenneurocognitive impairment and overt functioning (e.g. Sergi, et al., 2006). In addition,there is growing evidence of an overlap of intermediate phenotypes between AN andASD (e.g. Faunce & Job, 2000; Odent, 2010; Treasure, 2012), a disorder characterisedby deficits in social communication. Research investigating social communication andemotion recognition in ED groups has been discussed extensively in chapter two, but abrief summary is provided below.
Social Communication and Interpersonal FunctioningBoth AN and BN have been associated with impaired social relationships(e.g. Bohle, etal., 1991), and difficulties with social communication (e.g. Leon, et al., 1985).Interpersonal difficulties have been found to effect treatment, through problemsforming therapeutic alliances (Vitousek, et al., 1998), and problems with social anxiety(Goodwin, 2002). Literature regarding interpersonal functioning in the family contextis inconsistent, but studies do consistently show that probands, family members, andclinicians give conflicting reports regarding family interactions (Cook-Darzens, et al.,2005; Gowers & North, 1999; Whitney & Eisler, 2005); suggesting differences in theway that social relationships are perceived. Evidence suggests that this disturbance in
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social communication is present prior to onset, with studies finding a high prevalenceof separation anxiety disorder (Silberg & Bulik, 2005); social phobia (Melfsen, et al.,2006); social anxiety (Godart, 2002); and neurodevelopmental disorders of the ASDspectrum (Connan, et al., 2003); presenting in childhood.
Emotion Recognition ED PatientsThere is growing evidence to suggest that individuals with an ED show difficultieswith the recognition of emotion from faces, voices, film, and on the Reading the Mindin the Eyes (RME) task (Oldershaw, et al., 2011); though there are also studies thathave found no differences between ED patients and healthy controls (e.g. Kenyon, etal., 2011; Kessler, et al., 2006; Medina-Pradas, et al., 2012; Mendlewicz, et al., 2005).There is disagreement between the studies that do find deficits, over which emotionsprove problematic; however the majority of studies find that problems occur mainlywith the recognition of negative emotions (e.g. Jänsch, et al., 2009; Machado, et al.,2007). As outlined in chapter two, there are a variety of possible reasons for theconflict in the literature: including the use of different facial emotion recognitiontasks; variations in the time that stimuli are presented; the intensity of expression;whether the tasks use a free- or force-choice paradigm; whether the task iscomputerized; and the balance of negative and positive emotions displayed. It is alsoworth noting that the majority of research investigating emotion recognition(particularly from facial expression) has been conducted with AN patients, making itdifficult to draw any conclusions regarding the abilities of patients with BN.
Emotion Recognition in Recovered ED Patients and Subclinical SamplesTwo studies have investigated emotion recognition in recovered samples todetermine whether deficits observed are state independent and associated with theillness itself, rather than a result of secondary features such as low nutritional intake;however findings have been mixed (Harrison, 2010; Oldershaw, 2010). Only one ofthese studies investigated facial emotion recognition, and no differences were foundbetween recovered groups and healthy controls (Oldershaw, 2010). There has beenlimited research investigating facial emotion recognition in sub-clinical populations,
- 193 -
to determine whether deficits may be present prior to onset, and impaired recognitionof neutral, happy and angry faces has been observed (Jones, et al., 2008; Pringle, et al.,2010). To date, there have been no published studies investigating emotionrecognition in the first-degree relatives of ED probands. Such research would beuseful as it is possible that an underlying deficit in the recognition of others’ emotionsmay contribute to the difficulties in social communication that have been observed inED groups (Oldershaw, et al., 2011; Zucker, 2007).
High Risk ResearchAs discussed previously, the differences in social cognition that have been observed inprobands may be present prior to onset, possibly contributing towards thedevelopment of an ED. It is also possible however that observed differences in socialcognition are a consequence of an ED. One method of testing this is to investigatesocial cognition in groups at familial high risk of developing an ED. The high riskdesign has been used to investigate premorbid cognition in schizophrenia (e.g.Amminger, et al., 2011; Cornblatt & Erlenmeyer-Kimling, 1985; Davalos, 2004; Eack,2010; Erlenmeyer-Kimling & Cornblatt, 1987; 2008; Rutschmann, et al., 1977);depression (e.g. Mannie, 2007; Monk, et al., 2008); and bipolar disorder (e.g. Brotman,et al., 2008; Melissa, et al., 2008); and the high risk research design has been shown tobe an effective way of identifying intermediate phenotypes for these disorders.
SummaryTo summarise, differences in social cognition observed in patients and recoveredsubjects may not be present prior to onset. One method of investigating premorbiddifficulties is to investigate children at high risk of developing and ED. This is the firststudy to investigate social communication and emotion recognition in children at highrisk of developing an ED.
- 194 -
6.1.2 Aims and HypothesisThe aim of this study was to investigate social communication and emotionrecognition in children at high risk of developing an ED, in comparison to childrenwho are not. Based on previous literature, it was hypothesized that the children athigh risk, due to being born to a mother with an ED: (i) would show comparativelypoorer recognition of emotion from social motion cues, (ii) would be more likely tomake a high number of errors/misattributions on the facial emotion recognition task,
and (iii) would be more likely to score above the accepted threshold of ≤ 9 out of 24 on the measure of social communication (SCDC). Due to the paucity of evidence, andcontradictory findings, it was not possible to predict where these differences wouldrely with regard to specific ED diagnosis and valence of emotion; except to predictthat problems with the recognition of emotion were more likely to be found amongstnegative, rather than positive, emotions.
6.1.3 Methods
6.1.3.1 DesignLongitudinal prospective.
6.1.3.2 ParticipantsSample size for each analysis was dependent on both maternal data on ED exposure,and child data on social cognition being present. Inclusion and exclusion criteria forthis study are detailed in the chapter 3 (Aims and Methodology). Final sample sizesvaried for each analysis and can be found in results tables. Assessments wereconducted when children were approximately 8 (DANVA) and 13 (EmotionalTriangles) years of age, with mean ages being: 103.8 months, and 150 months;respectively. The SCDC was completed by mothers when children were approximately13 ½ years of age (mean = 157 months).
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6.1.3.3 Measures
ExposureAt 12 weeks gestation, the mothers completed a questionnaire about their health. Allwomen were asked whether they had a history of Anorexia Nervosa (AN) and/orBulimia Nervosa (BN). Of the women that responded, 446 reported a history oflifetime ED: AN (171), BN (194), or both (81).
Outcomes: Assessments of Social Cognition in ChildrenChildren’s facial emotion recognition was assessed at age 8 using the DiagnosticAnalysis of Non-Verbal Accuracy (DANVA)(Nowicki & Duke, 1994); emotionrecognition from social cues was measured using the Emotional Triangles task at age13 (Boraston, et al., 2007); and social communication deficits were measured usingthe Social Communication Disorders Checklist (SCDC) (Skuse, et al., 2005), which wascompleted by mothers when the children were 13 years of age. A detailed descriptionof these tasks can be found in chapter 5 (Measures).
6.1.3.4 ProcedureThe study was approved by the ALSPAC Law and Ethics Committee and the LocalResearch Ethics Committees.
6.1.3.5 AnalysesAll variables were checked for inconsistencies/outliers using tabulations, graphs andplots. Values that were inconsistent with the relevant assessment were treated asmissing values. SCDC scores were prorated for participants with less than 25%missing responses, and those missing more than 25% were considered missing. Thedistribution of variables was inspected for normality. The SCDC score was notnormally distributed, (and could not be transformed); this score was used as a binaryvariable with a threshold of at least 9 out of 24, as recommended in previous
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literature (Skuse, et al., 2005; Skuse, et al., 2009). Scores from the DANVA were alsonot normally distributed, (and could not be transformed); binary variables that werecreated by ALSPAC in collaboration with the creator of the measure, Stephen Nowicki,were used (see chapter four, table 27).
The association between mother’s eating disorder status and children’s’ socialcognition was explored using linear (Emotional Triangles) and logistic (SCDC andDANVA) regression. Child gender, child age at time of testing, and task administrator(tester) were included in the minimally adjusted model due to being determined a-priori confounders. Confounders that could potentially influence outcomes, asindicated by evidence in the literature, were initially tested in univariate models, andincluded in the multivariate analysis if meeting criteria for confounding (fully adjusted
model). SPSS 18 was used for all analyses and a two-tailed significance level of p ≤ 0.05 was used. Due to the small numbers in exposed groups, individual analyses werenot conducted for each gender. However, a sensitivity analysis was conducted toprovide a description of performance for girls and boys separately.
Missing covariate dataMultiple random imputation was used to deal with missing covariate data. Allpredictor and outcome variables were used as predictors in the imputation model.Missing data were imputed for marital status, child ethnicity, social class, age of childat time of testing, and parity for at least one of the time points. All analyses were runon both complete case and imputed datasets for comparison and differences werenegligible. Due to the fact that complete case analysis is thought to suffer from morechance variation, and multiple imputation is assumed to correct any bias, only resultsbased on multiple imputation are presented.
- 197 -
6.1.4 Results
6.1.4.1 Attrition & Missingness
AttritionOverall attrition, i.e. children not attending the testing sessions, or children for whomparents had not returned the SCDC, was predicted by a range of socio-demographicfactors. A significantly greater proportion of children who attended the DANVA testingsession at age 8, the Emotional Triangles testing session at age 13, and had the SCDCcompleted and returned by their parents at age 13: were female; of a higher social-class; were white; and did not have siblings. In addition, these children also hadparents that were married, and mothers that were older, at the time of delivery. Thesevariables were included as confounders accordingly.
Missingness of Specific OutcomesAdditional missingness of specific outcomes was dealt with by testing the role ofrelevant socio-demographic variables as predictors of missing outcome data, byestimating the odds of having missing data across each measure of social cognition.For Emotional Triangles outcomes, there was a very small amount of missing data,considered negligible; and no socio-demographic variables were predictive ofmissingness in DANVA scores. With regard to the SCDC, children with more than 25%of responses being unanswered (therefore making prorating inappropriate), hadsignificantly higher odds of belonging to a lower social class, and trended towardsbeing predictive of mothers being educated to below A level standard. These variableswere also included as confounders accordingly.
Selective AttritionSelective attrition across index groups was tested for using logistic regression, byestimating the odds of each group having missing data for each assessment. Nodifferences were found between exposed and unexposed groups in the percentage ofmissing data for each measure.
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6.1.4.2 Socio-demographicsSocio-demographic data for the sample used in this study are described in chapter 3(Aims and Methodology).
6.1.4.3 Social Communication and Emotion Recognition in Children at
High RiskNo statistically significant differences were observed between exposed andunexposed groups on any outcome measures (see tables 35, 37 and 39), but there wasa trend for maternal report of AN+BN to be associated with children misattributingfaces as fearful in the fully adjusted model (OR: 1.78, 95% CI: 0.90, 3.54, p = 0.09; seetable 35). As stated above, exposed groups were too small to run separate analysis by gender; however the sensitivity analysisrevealed no differences in performance between gender that could be consideredreliable when taking into consideration sample size (see tables 36, 38 and 40).
6.1.4.4 Task Performance across Gender GroupsAs stated above, exposed groups were too small to run separate analysis by gender;however the sensitivity analysis revealed no differences in performance betweengenders that could be considered reliable when taking into consideration sample size(see tables 46, 38 and 40).
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Table 35 Logistic Regression Analysis of Children’s DANVA Scores: comparison ofexposed and unexposed groups (odds ratios and 95% confidence intervals).n (%) Model 1 OR (95% C.I.) Model 2 OR (95% C.I.)
Happy Faces: at least one errorUnexposed 5441 (96.2) Ref. Ref.AN 83 (1.5) 1.09 (0.67, 1.80) 1.10 (0.67, 1.81)BN 88 (1.6) 0.95 (0.57, 1.59) 0.96 (0.58, 1.58)AN + BN 41 (0.7) 1.52 (0.78, 2.96) 1.53 (0.79, 2.95)
Sad Faces: at least two errorsUnexposed 5441 (96.2) Ref. Ref.AN 83 (1.5) 1.34 (0.79, 2.29) 1.37 (0.81, 2.33)BN 88 (1.6) 1.15 (0.67, 1.97) 1.16 (0.66, 2.02)AN + BN 41 (0.7) 0.53 (0.19, 1.50) 0.55 (0.20, 1.51)
Angry Faces: at least four errorsUnexposed 5441 (96.2) Ref. Ref.AN 83 (1.5) 1.06 (0.59, 1.91) 1.08 (0.60, 1.95)BN 88 (1.6) 1.24 (0.71, 2.16) 1.23 (0.70, 2.13)AN + BN 41 (0.7) 1.06 (0.47, 2.43) 1.05 (0.46, 2.37)
Fearful Faces: at least three errorsUnexposed 5441 (96.2) Ref. Ref.AN 83 (1.5) 1.22 (0.72, 2.07) 1.25 (0.73, 2.13)BN 88 (1.6) 0.59 (0.30, 1.15) 0.59 (0.30, 1.19)AN + BN 41 (0.7) 0.62 (0.24, 1.58) 0.62 (0.24, 1.62)
Misattributed as Happy: at least four misattributionsUnexposed 5441 (96.2) Ref. Ref.AN 83 (1.5) 0.79 (0.37, 1.60) 0.82 (0.40, 1.65)BN 88 (1.6) 0.77 (0.38, 1.56) 0.79 (0.39, 1.58)AN + BN 41 (0.7) 0.48 (0.15, 1.57) 0.48 (0.15, 1.56)
Misattributed as Sad: at least three misattributionsUnexposed 5441 (96.2) Ref. Ref.AN 83 (1.5) 0.99 (0.54, 1.82) 1.00 (0.55, 1.80)BN 88 (1.6) 0.57 (0.27, 1.20) 0.57 (0.39, 0.82)AN + BN 41 (0.7) 0.58 (0.20, 1.64) 0.57 (0.33, 0.97)
Misattributed as Angry: at least two misattributionsUnexposed 5441 (96.2) Ref. Ref.AN 83 (1.5) 1.00 (0.51, 1.96) 1.00 (0.51, 1.95)BN 88 (1.6) 1.08 (0.57, 2.05) 1.06 (0.56, 2.02)AN + BN 41 (0.7) 0.42 (0.10, 1.74) 0.42 (0.12, 1.46)
Misattributed as Fearful: at least two misattributionsUnexposed 5441 (96.2) Ref. Ref.AN 83 (1.5) 0.90 (0.51, 0.71) 0.93 (0.53, 1.64)BN 88 (1.6) 0.18 (0.71, 1.96) 1.20 (0.72, 1.99)
AN + BN 41 (0.7) 1.72 (0.87, 3.40) 1.78 (0.90, 3.54)§
All Faces: at least seven errorsUnexposed 5441 (96.2) Ref. Ref.AN 83 (1.5) 0.93 (0.55, 1.59) 0.95 (0.56, 1.63)BN 88 (1.6) 1.11 (0.67, 1.83) 1.10 (0.67, 1.81)
AN + BN 41 (0.7) 0.45 (0.18, 1.16)§ 0.45 (0.17, 1.20)§
§ p≤0.1, * p≤0.05, ** p≤0.01 (1) Model 1. Minimally adjusted model: adjusted for child age and gender, and tester. Model 2. Fullyadjusted model: adjusted for child age and gender, tester, social class, maternal age at delivery, andmarital stability.(2) Table shows odds of children scoring above the established thresholds stated.
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Table 36 Number and percentage of children scoring above the established thresholds for DANVAoutcomes across ED groups (split by gender). Girls N (%) Boys N (%)
Happy Faces: at least one errorUnexposed 536 (19.5) 749 (27.8)AN 6 (16.7) 16 (34.0)BN 7 (14.6) 13 (32.5)AN + BN 7 (35.0) 6 (28.6)
Sad Faces: at least two errorsUnexposed 426 (15.5) 497 (18.5)AN 6 (16.7) 12 (25.5)BN 9 (18.8) 8 (20.0)AN + BN 8 (10.0) 2 (9.5)
Angry Faces: at least four errorsUnexposed 366 (13.3) 496 (18.4)AN 6 (16.7) 8 (17.0)BN 6 (12.5) 10 (25.0)AN + BN 3 (15.0) 4 (19.0)
Fearful Faces: at least three errorsUnexposed 474 (17.2) 503 (18.7)AN 9 (25.0) 9 (19.1)BN 6 (12.5) 4 (10.0)AN + BN 4 (20.0) 1 (4.8)
Misattributed as Happy: at least four misattributionsUnexposed 325 (12.0) 395 (14.9)AN 6 (16.7) 3 (6.5)BN 5 (10.4) 4 (10.3)AN + BN 2 (10.5) 1 (4.8)
Misattributed as Sad: at least three misattributionsUnexposed 328 (12.2) 509 (19.2)AN 6 (16.7) 7 (15.2)BN 4 (8.3) 4 (10.3)AN + BN 2 (10.5) 2 (9.5)
Misattributed as Angry: at least two misattributionsUnexposed 322 (11.9) 291 (11.0)AN 4 (11.1) 6 (13.0)BN 7 (14.6) 4 (10.3)AN + BN 0 (0.0) 2 (9.5)
Misattributed as Fearful: at least two misattributed at fearfulUnexposed 524 (19.4) 548 (20.7)AN 6 (16.7) 9 (19.6)BN 9 (18.8) 11 (28.2)AN + BN 6 (31.6) 6 (28.6)
All Faces: at least seven errorsUnexposed 558 (20.3) 671 (24.9)AN 7 (19.4) 11 (23.4)BN 10 (20.8) 11 (27.5)AN + BN 2 (10.0) 3 (14.3)(1) Table shows number and percentage of children scoring above cut-offs stated.
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Table 37 Linear Regression Analysis of Children’s Emotion Triangle Scores:Comparison of exposed and unexposed groups (B coefficients and 95% confidenceintervals) n (%) Model 1 Β (95% C.I.) Model 2 Β (95% C.I.) 
Angry Unexposed 4811 (95.9) Ref. Ref.AN 72 (1.4) 0.12 (-0.22, 0.45) 0.09 (-0.24, 0.43)BN 91 (1.8) -0.15 (-0.45, 0.15) -0.14 (-0.44, 0.15)AN + BN 41 (0.8) 0.12 (-0.33, 0.55) 0.10 (-0.34, 0.54)
HappyUnexposed 4811 (95.9) Ref. Ref.AN 72 (1.4) -0.24 (-0.62, 0.15) -0.24 (-0.43, -0.04)BN 91 (1.8) -0.23 (-0.57, 0.11) -0.23 (-0.57, 0.11)AN + BN 41 (0.8) -0.16 (-0.66, 0.35) -0.16 (-0.66, 0.34)
Sad Unexposed 4811 (95.9) Ref. Ref.AN 72 (1.4) 0.01 (-0.27, 0.30) 0.004 (-0.28, 0.29)BN 91 (1.8) 0.16 (-0.1, 0.42) 0.16 (-0.10, 0.43)AN + BN 41 (0.8) 0.20 (-0.18, 0.58) 0.20 (-0.17, 0.56)
ScaredUnexposed 4811 (95.9) Ref. Ref.AN 72 (1.4) 0.15 (-0.2, 0.49) 0.16 (-0.19, 0.50)BN 91 (1.8) -0.15 (-0.45, 0.16) -0.14 (-0.45, 0.17)AN + BN 41 (0.8) 0.22 (-0.24, 0.67) 0.22 (-0.20, 0.65)
§ p≤0.1, * p≤0.05, ** p≤0.01 (1) Model 1. Minimally adjusted model: adjusted for child age and gender, and tester.Model 2. Fully adjusted model: adjusted for child age and gender, tester, social class,maternal age at delivery, and marital stability.(2) Higher scores represent better performance.
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Table 38 Mean (SD) scores of children on the Emotional Triangles Task across groups(split by gender)
Girls Boysn (%) M (SD) n (%) M (SD)
Angry Unexposed 2454 (96.0) 2.48 (1.44) 2357 (95.9) 2.72 (1.42)AN 35 (1.4) 2.40 (1.56) 37 (1.5) 3.03 (1.35)BN 46 (1.8) 2.30 (1.39 45 (1.8) 2.60 (1.49)AN + BN 22 (0.9) 2.52 (1.56) 19 (0.8) 2.92 (1.43)
HappyUnexposed 2454 (96.0) 2.10 (1.55) 2357 (95.9) 2.09 (1.73)AN 35 (1.4) 1.80 (1.52) 37 (1.5) 1.92 (1.53)BN 46 (1.8) 1.82 (1.42) 45 (1.8) 1.92 (1.39)AN + BN 22 (0.9) 2.00 (1.45) 19 (0.8) 1.87 (1.82)
Sad Unexposed 2454 (96.0) 1.60 (1.23) 2357 (95.9) 1.49 (1.25)AN 35 (1.4) 1.39 (0.92) 37 (1.5) 1.73 (1.13)BN 46 (1.8) 1.65 (1.24) 45 (1.8) 1.78 (1.18)AN + BN 22 (0.9) 1.95 (1.41) 19 (0.8) 1.53 (1.17)
ScaredUnexposed 2454 (96.0) 1.89 (1.49) 2357 (95.9) 2.39 (1.47)AN 35 (1.4) 2.07 (1.36) 37 (1.5) 2.51 (1.18)BN 46 (1.8) 1.53 (1.50) 45 (1.8) 2.47 (1.48)AN + BN 22 (0.9) 2.14 (1.45) 19 (0.8) 2.58 (0.92)(1) Higher scores represent better performance.
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Table 39 Logistic Regression Analysis of Children’s SCDC Scores: comparison ofexposed and unexposed groups (odds ratios and 95% confidence intervals)n (%) Model 1 OR (95% C.I.) Model 2 OR (95% C.I.)Unexposed 5673 (95.9) Ref. Ref.AN 91 (1.5) 1.28 (0.61, 2.69) 1.37 (0.65, 2.89)BN 108 (1.8) 1.01 (0.46, 2.18) 1.01 (0.47, 2.21)AN + BN 44 (0.7) 1.79 (0.69, 4.61) 1.90 (0.73, 4.95)
§ p≤0.1, * p≤0.05, ** p≤0.01 (1) Model 1. Minimally adjusted model: adjusted for child age and gender, and tester.Model 2. Fully adjusted model: adjusted for child age and gender, tester, social class,maternal age at delivery, and marital stability.
(2) Table shows odds of children scoring above the established SCDC threshold of ≥ 9 out of 24.
Table 40 Number and percentage of children scoring above the established thresholdon the SCDC across groups (split by gender).
Girls n (%) Boys n (%)Unexposed 153 (5.4) 220 (7.7)AN 3 (7.7) 5 (9.6)BN 2 (3.5) 5 (9.8)AN + BN 1 (4.3) 4 (19.0)N.B. Table shows number and percentage of children scoring above the established
SCDC threshold of ≥ 9 out of 24.
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6.1.5 Interim Discussion
The aim of this study was to investigate social communication and emotionrecognition in children at high risk of developing an eating disorder, in comparison tochildren who are not. Results of statistical analysis showed a weak associationbetween maternal report of AN+BN, and children having higher odds than healthycontrol children of misattributing faces as fearful. No other statistically significantdifferences were observed between exposed and unexposed groups.
6.1.5.1 Social CommunicationContrary to my hypothesis, the children of mothers reporting an ED did not exhibitdeficits in social communication in comparison to the children of healthy controls, asmeasured by the SCDC. In a recent pilot study, Hambrook and colleagues found thatAN patients were significantly more impaired with regard to their social skills(Hambrook, Tchanturia, Schmidt, Russell, & Treasure, 2008). Our findings suggest thatthis is not the case in children at high risk, and this could be for a number of possiblereasons. This study used the SCDC to measure social communication, while Hambrookand colleagues used another established measure of autistic traits, the Autism-spectrum Quotient (Baron-Cohen, Wheelwright, Skinner, Martin, & Clubley, 2001),therefore the difference in findings could be due to differences in the measures used.In addition, the Autism-spectrum Quotient is a self-report measure, while the SCDCwas completed by parents; it is possible that the study by Hambrook and colleagueswas actually observing differences in perceived social skills. Hambrook and colleaguesemployed a clinical sample while here a general population cohort was investigated,and it is possible that impairments in social communication are only associated withan extreme ED phenotype. It is also possible that the impairment observed in theclinical group is not present prior to onset of the disorder, and is a consequence of theillness rather than a predisposing factor.
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There is evidence in the literature suggesting that there is a high prevalence ofneurodevelopmental disorders of the ASD spectrum presenting in childhood withinAN groups (e.g. Connan, et al., 2003), as well as high levels of social anxiety (e.g.Godart, Flament, Lecrubier, & Jeammet, 2000), and social phobia (e.g. Melfsen, et al.,2006), Once again, these studies employ clinical samples, while here a generalpopulation cohort has been investigated. Our finding that children at risk do not showdeficits in social communication, may indicate that these premorbid traits anddisorders are only associated with the extreme AN phenotype; or that deficits in thissample are too subtle to be detected with the SCDC. It is also possible that suchpremorbid/comorbid social disorders are only present in a subgroup of patients withAN, who have a different illness trajectory; something that has previously beensuggested by Tchanturia and colleagues (Tchanturia, et al., 2004).
6.1.5.2 Emotion RecognitionA weak association was observed between maternal report of AN+BN and themisattribution of faces as fearful in the DANVA; however this is likely to be a chancefinding. Research investigating facial emotion recognition in AN groups has also foundevidence of a disturbance in the recognition of fear (Jänsch, et al., 2009; Machado, etal., 2007). Research investigating recovered participants tells a different storyhowever, with one study finding no differences in facial emotion recognition betweenrecovered AN patients and healthy controls (Oldershaw, 2010). No other studies haveinvestigated facial emotion recognition in recovered groups, and there are no studiesinvestigating emotion recognition in first-degree relatives. Due to this paucity ofevidence, it is difficult to draw any conclusions regarding the weak associationobserved in this study. It is worth noting however that, due to the exploratory natureof this study, the significance level was not adjusted to account for multiplecomparisons; therefore the difference observed may be due to chance. Assuming this,our finding indicates that impaired emotion recognition from faces or social motioncues is not a trait associated with high risk status for an ED. There is evidence tosuggest that AN patients do not suffer from impaired emotion recognition (Fairburn,
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Cooper, Cooper, McKenna, & Anastasiades, 1991; Phillips, 2008), and our findingscould be taken as evidence that this is also the case for children at high risk, due tobeing born to mothers reporting AN. There is however a great deal of evidencesupporting the presence of impaired emotion recognition in ED groups (Faunce & Job,2000). If impairments are indeed associated with the acute phase of an ED assuggested, our findings suggest that observed deficits in clinical groups may be aresult of secondary features of the disorder itself, such as low nutritional intake orsocial isolation. Alternatively, impairments in emotion recognition may be associatedwith comorbid disorders such as social anxiety or depression.
6.1.6 Study Summary
In contrast to my hypothesis, no statistically significant differences were foundbetween children at high risk of developing an ED and children who are not, onmeasures of social communication and emotion recognition. A number of possiblereasons for this are discussed above, including the suggestion that the deficitsobserved in clinical groups are not present prior to onset. It is also possible thatdifferences are not observed due to the limitations associated with diagnostic criteria.This is explored further in the next study.
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6.2 Are Maternal Lifetime ED Behavioural Phenotypes Associated
with Social Communication and Emotion Recognition Difficulties in
Offspring?
6.2.1 Introduction
As previously discussed in chapter one of this thesis, it is possible that specific EDbehaviours will have a more direct association with specific differences inneuropsychological functioning; which suggests that specific ED behaviours might bemore distinct phenotypes compared to ED diagnoses.
6.2.2 Aims and Hypothesis
The aim of this study was to investigate social communication and emotionrecognition in children at high risk of developing an ED, using maternal lifetime EDbehaviours as risk markers. Due to the paucity of research investigating therelationship between behavioural phenotypes of ED and social cognition, and theinconclusive findings from study four, an exploratory approach was taken with thisparticular study.
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6.2.3 Methods
6.2.3.1 DesignLongitudinal
6.2.3.2 ParticipantsFor inclusion in this study, data on maternal lifetime ED behaviours and children’ssocial communication and emotion recognition were both necessary, therefore samplesize varied for the analysis of each measure. Full details of the interview protocol, andinclusion and exclusion criteria can be found in chapter 3 (Aims and Methodology).Final sample sizes for each analysis can be found in the relevant results tables.Assessments were conducted when children were approximately 8 (DANVA) and 13(Emotional Triangles) years of age, with mean ages being: 103.8 months, and 150months; respectively. The SCDC was completed by mothers when children wereapproximately 13 ½ years of age (mean = 157 months).
6.2.3.3 Measures
ExposureData on maternal exposure to eating disorder behaviours were gathered via in depthinterviews using the Structured Clinical Interview for DSM-IV-TR (Research version)with the additional use of the Lifeline section of the LIFE interview (Keller, et al.,1987). A full explanation of these measures and the interview protocol can be found inchapter 3 (Aims and Methodology), along with a detailed description of how exposedgroups were categorized.
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Outcomes: Measures of Social Cognition in ChildrenChildren’s facial emotion recognition was assessed at age 8 using the DiagnosticAnalysis of Non-Verbal Accuracy (DANVA)(Nowicki & Duke, 1994); emotionrecognition from social cues was measured using the Emotional Triangles task at age13 (Boraston, et al., 2007); and social communication deficits were measured usingthe Social Communication Disorders Checklist (SCDC) (Skuse, et al., 2005), which wascompleted by mothers when the children were 13 years of age. A detailed descriptionof these tasks can be found in chapter 5(Measures).
6.2.3.4 ProcedureThis study was approved by the ALSPAC Law and Ethics Committee and the LocalResearch Ethics Committees. A full account of the procedures and protocol foradministering interviews and deriving exposure variables can be found in chapter 3(Aims and Methodology).
6.2.3.5 AnalysesPreparation of the data for analyses, with regard to outliers; prorating of the SCDC todeal with missingness; and the distribution of variables was the same as in study oneof this chapter. Once again, the SCDC and DANVA scores were transformed into binaryvariables, while the Emotional Triangles scores were used as continuous outcomes.
The association between mother’s eating disorder status and children’s’ socialcognition was explored using linear (Emotional Triangles) and logistic (SCDC andDANVA) regression. Child age at time of testing, child gender, and test administrator(tester) were included in the minimally adjusted model due to being determined a-priori confounders. Additional confounders that could potentially influence outcomes,as indicated by evidence in the literature, were initially tested in univariate models,and included in the multivariate analysis if meeting criteria for confounding (fully
adjusted model). SPSS 18 was used for all analyses and a significance level of p ≤ 0.05 
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was used. Due to the small numbers in exposed groups, individual analyses were notconducted for each gender. However, a sensitivity analysis was conducted to provide adescription of performance for girls and boys separately.
Missing covariate dataMultiple random imputation was used to deal with missing covariate data. Allpredictor and outcome variables were used as predictors in the imputation model.Missing data were imputed for marital status, and child ethnicity, social class,maternal age at delivery, and parity for at least one of the analyses. All analyses wererun on both complete case and imputed datasets for comparison and differences werenegligible. Due to the fact that complete case analysis is thought to suffer from morechance variation, and multiple imputation is assumed to correct any bias, only resultsbased on multiple imputation are presented.
6.2.4 Results
6.2.4.1 Attrition & Missingness
AttritionOverall attrition for the assessment of maternal lifetime ED behaviours: i.e. womenwho were not interviewed; was predicted by a range of socio-demographic factors. Asignificantly greater proportion of mothers that were interviewed was of a highersocial class; were married, and were older at the time of delivery. These variableswere included as confounders accordingly.
Overall attrition for the assessment of children’s social cognition, i.e. children notattending the testing sessions, or children for whom parents had not returned theSCDC, was predicted by a range of socio-demographic factors. A significantly greaterproportion of children who attended the DANVA testing session at age 8 were of ahigher social class; had mothers educated to at least A level standard; and had
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mothers who were older at time of delivery. A significantly greater proportion ofchildren who attended the Emotional Triangles testing session at age 13 were of ahigher social class, and did not have siblings. Finally, a significantly great proportionof children whose parents returned the SCDC was of a higher social class, and waswhite. These variables were included as confounders accordingly.
6.2.4.2 Socio-demographicsSocio-demographic data for the sample used in this study are described in chapter 3(Aims and Methodology).
6.2.4.3 Emotion Recognition from Facial Cues in Children at High
RiskThe children of women in the Purging group were found to have lower odds thanunexposed children of misattributing faces as sad: this was the case in the minimallyadjusted model (OR: 0.10, 95% CI: 0.01, 0.76, p = 0.03); and the fully adjusted model(OR: 0.10, 95% CI: 0.03, 0.27, p = 0.02). The children of women in theRestricting/Excessive-exercising group were found to have lower odds thanunexposed children of making errors in the recognition of fearful faces, though thisdifference only trended towards significance in the minimally adjusted model (OR:0.47, 95% CI: 0.22, 1.03, p = 0.06); and the fully adjusted model (OR: 0.48, 95% CI:0.22, 1.06, p = 0.07). The children of women in the Bingeing group trended towardshaving almost twice the odds than unexposed children of misattributing faces asfearful in the minimally adjusted model (OR: 1.90, 95% CI: 0.92, 3.93, p = 0.08); andthe fully adjusted model (OR: 0.94, 95% CI: 0.94, 4.06, p = 0.07). No other statisticallysignificant differences were found between exposed and unexposed groups (see table41).
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Table 41 Logistic Regression Analysis of Children’s DANVA Scores: comparison between exposed andunexposed groups (odds ratios and 95% confidence intervals).n(%) Model 1 OR (95% C.I.) Model 2 OR (95% C.I.)
Happy Faces Unexposed 571 (72.8) Ref. Ref.
(≥ 1 error) R & EE  76 (9.7)  0.83 (0.45, 1.54)  0.82 (0.44, 1.53)   Purging 44 (5.6) 0.99 (0.46, 2.15) 0.97 (0.47, 1.99)Bingeing 44 (5.6) 1.77 (0.88, 3.55) 1.78 (0.88, 3.58)B+P 49 (6.3) 0.91 (0.44, 1.91) 0.87 (0.41, 1.84)
Sad Faces Unexposed 571 (72.8) Ref. Ref.
(≥ 2 errors) R & EE  76 (9.7)  0.60 (0.29, 1.23)  0.59 (0.29, 1.18)   Purging 44 (5.6) 0.87 (0.38, 2.00) 0.87 (0.38, 1.97)Bingeing 44 (5.6) 1.68 (0.79, 3.59) 1.71 (0.80, 3.66)B+P 49 (6.3) 0.64 (0.27, 1.52) 0.62 (0.57, 0.67)
Angry Faces Unexposed 571 (72.8) Ref. Ref.
(≥ 4 errors) R & EE  76 (9.7)  0.84 (0.41, 1.71)  0.84 (0.41, 1.72)   Purging 44 (5.6) 0.99 (0.42, 2.33) 0.99 (0.42, 2.32)Bingeing 44 (5.6) 0.79 (0.31, 2.01) 0.81 (0.32, 2.06)B+P 49 (6.3) 1.08 (0.48, 2.42) 1.07 (0.47, 2.40)
Fearful Faces Unexposed 571 (72.8) Ref. Ref.
(≥ 3 errors) R & EE 76 (9.7) 0.47 (0.22, 1.03)§ 0.48 (0.22, 1.06)§Purging 44 (5.6) 0.61 (0.26, 1.46) 0.61 (0.27, 1.35)Bingeing 44 (5.6) 1.21 (0.57, 2.57) 1.25 (0.58, 2.67)B+P 49 (6.3) 0.66 (0.28, 1.57) 0.64 (0.27, 1.52)
Misattributed Unexposed 571 (73.2) Ref. Ref.
as Happy R & EE 74 (9.5) 0.51 (0.21, 1.25) 0.51 (0.21, 1.26)
(≥ 4)  Purging  43 (5.5)  0.61 (0.22, 1.68)  0.61 (0.36, 1.02)   Bingeing 44 (5.6) 1.90 (0.84, 4.27) 1.94 (0.86, 4.38)B+P 48 (6.2) 0.70 (0.28, 1.78) 0.70 (0.28, 1.76)
Misattributed Unexposed 571 (73.2) Ref. Ref.
as Sad R & EE 74 (9.5) 0.93 (0.46, 1.85) 0.93 (0.47, 1.87)
(≥ 3)  Purging 43 (5.5) 0.10 (0.01, 0.73)* 0.10 (0.03, 0.27)*Bingeing 44 (5.6) 0.87 (0.36, 2.08) 0.88 (0.36, 2.11)B+P 48 (6.3) 0.51 (0.19, 1.39) 0.51 (0.19, 1.37)
Misattributed Unexposed 571 (73.2) Ref. Ref.
as Angry R & EE 74 (9.5) 0.50 (0.19, 1.34) 0.52 (0.19, 1.38)
(≥ 2)  Purging  43 (5.5)  0.82 (0.29, 2.30)  0.83 (0.30, 2.33)   Bingeing 44 (5.6) 1.14 (0.44, 2.96) 1.16 (0.45, 3.02)B+P 48 (6.3) 0.86 (0.31, 2.39) 0.88 (0.32, 2.41)
Misattributed Unexposed 571 (73.2) Ref. Ref.
as Fearful R & EE 74 (9.5) 0.93 (0.48, 1.81) 0.94 (0.48, 1.83)
(≥ 2)  Purging  43 (5.5)  1.28 (0.59, 2.79)  1.29 (0.87, 1.92)  
Bingeing 44 (5.6) 1.90 (0.92, 3.93)§ 1.95 (0.94, 4.06)§B+P 48 (6.3) 1.44 (0.69, 2.97) 1.40 (0.67, 2.92)
All Faces Unexposed 571 (72.8) Ref. Ref.
(≥ 7 errors) R & EE  76 (9.7)  0.63 (0.33, 1.21)  0.63 (0.33, 1.23)  Purging 44 (5.6) 0.66 (0.30, 1.48) 0.65 (0.29, 1.44)Bingeing 44 (5.6) 1.09 (0.53, 2.25) 1.15 (0.55, 2.40)B+P 49 (6.2) 0.57 (0.26, 1.24) 0.53 (0.24, 1.18)
§ p≤0.1, * p≤0.05, ** p≤0.01  (1) Model 1. Minimally adjusted model: adjusted for child age and gender, and tester. Model 2. Fullyadjusted model: adjusted for child age and gender, tester, social class, maternal age at delivery, andmarital stability. Model 3. Fully adjusted model: adjusted for child age and gender, tester, social class,maternal age at delivery, maternal education, and marital stability.(2) Table shows odds of children scoring above the established thresholds stated.
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Table 42 Number and Percentage of Children Scoring Above the established thresholds on DANVAoutcomes across ED groups (split by gender). Girls N(%) Boys N(%)
Happy Faces Unexposed 51 (17.8) 80 (28.2)
(≥ 1 error)  R & EE   5 (13.9)   11 (27.5)   Purging 2 (8.3) 8 (40.0)Bingeing 7 (29.2) 8 (40.0)B+P 3 (12.5) 8 (32.0)
Sad Faces Unexposed 56 (19.5) 55 (19.4)
(≥ 2 errors)  R & EE   3 (8.3)   7 (17.5) Purging 4 (16.7) 4 (20.0)Bingeing 5 (20.8) 6 (30.0)B+P 2 (8.3) 5 (20.0)
Angry Faces Unexposed 39 (13.6) 53 (18.7)
(≥ 4 errors)  R & EE   6 (16.7)   5 (12.5) Purging 3 (12.5) 5 (25.0)Bingeing 3 (12.5) 3 (15.0)B+P 5 (20.8) 4 (16.0)
Fearful Faces Unexposed 66 (23.0) 51 (18.0)
(≥ 3 errors)  R & EE   2 (5.6)   6 (15.0) Purging 3 (12.5) 4 (20.0)Bingeing 7 (29.2) 4 (20.0)B+P 4 (16.7) 3 (12.0)
Misattributed Unexposed 45 (15.8) 43 (15.6)
as Happy R & EE 0 (0.0) 6 (15.4)
(≥ 4)   Purging   2 (8.7)   3 (15.0) Bingeing 5 (20.8) 5 (25.0)B+P 3 (12.5) 3 (12.5)
Misattributed Unexposed 43 (15.1) 49 (17.8)
as Sad R & EE 7 (20.0) 5 (12.8)
(≥ 3)   Purging   0 (0.0)   1 (5.0) Bingeing 4 (16.7) 3 (15.0)B+P 3 (12.5) 2 (8.3)
Misattributed Unexposed 36 (12.7) 27 (9.8)
as Angry R & EE 2 (5.7) 3 (7.7)
(≥ 2)   Purging   3 (13.0)   2 (10.0) Bingeing 4 (16.7) 2 (10.0)B+P 2 (8.3) 3 (12.5)
Misattributed Unexposed 59 (20.8) 51 (18.5)
as Fearful R & EE 5 (14.3) 8 (20.5)
(≥ 2)   Purging   4 (17.4)   6 (30.0) Bingeing 7 (29.2) 6 (30.0)B+P 4 (16.7) 8 (33.3)
All Faces Unexposed 78 (27.2) 68 (23.9)
(≥ 7 errors)  R & EE   5 (13.9)   8 (20.0) Purging 4 (16.7) 5 (25.0)Bingeing 7 (29.2) 5 (25.0)B+P 3 (12.5) 6 (24.0)1. Table shows number and percentage of children scoring above the established cut-offs stated.
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6.2.4.4 Emotion Recognition from Social Motion Cues in Children at
High RiskThe children of mothers in the Bingeing and Purging group exhibited lower accuracyin the scared condition in comparison to unexposed children: this was the case in theminimally adjusted model (B: -0.58, 95% CI: -1.01, -0.15, p = 0.01); and the fullyadjusted model (B: -0.60, 95% CI: -1.04, -0.17, p = 0.01). No other statisticallysignificant differences were found between exposed and unexposed groups (see table43).
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Table 43 Linear Regression Analysis of Children’s Motion Emotion RecognitionScores: Comparison of exposed and unexposed groupsn (%) Model 1 Β (95% C.I.) Model 2 Β (95% C.I.) 
Angry Unexposed 596 (73.2) Ref. Ref.R & EE 82 (10.1) -0.07 (-0.41, 0.27) -0.05 (-0.39, 0.28)Purging 42 (5.2) 0.03 (-0.43, 0.48) 0.02 (-0.44, 0.48)Bingeing 44 (5.4) 0.13 (-0.32, 0.57) 0.13 (-0.32, 0.57)B & P 50 (6.1) -0.18 (-0.59, 0.24) -0.15 (-0.57, 0.27)
HappyUnexposed 596 (73.2) Ref. Ref.
R & EE 82 (10.1) -0.31 (-0.68, 0.06)§ -0.33 (-0.70, 0.05)§Purging 42 (5.2) -0.16 (-0.67, 0.35) -0.15 (-0.66, 0.36)Bingeing 44 (5.4) -0.15, -0.65, 0.35) -0.15 (-0.64, 0.35)B & P 50 (6.1) -0.03 (-0.49, 0.44) -0.05 (-0.51, 0.42)
Sad Unexposed 596 (73.2) Ref. Ref.R & EE 82 (10.1) -0.13 (-0.42, 0.17) 0.88 (-0.12, 1.88)Purging 42 (5.2) -0.23 (-0.63, 0.17) -0.24 (-0.64, 0.16)Bingeing 44 (5.4) -0.10 (-0.49, 0.29) -0.10 (-0.49, 0.29)B & P 50 (6.1) -0.15 (-0.51, 0.22) -0.12 (-0.49, 0.25)
ScaredUnexposed 596 (73.2) Ref. Ref.R & EE 82 (10.1) -0.02 (-0.36, 0.33) -0.02 (-0.36, 0.33)Purging 42 (5.2) 0.03 (-0.44, 0.50) 0.02 (-0.45, 0.49)Bingeing 44 (5.4) 0.12 (-0.34, 0.57) 0.12 (-0.34, 0.57)
B & P 50 (6.1) -0.58 (-1.01, -0.15)** -0.59 (-1.02, -0.16)**
§ p≤0.1, * p≤0.05, ** p≤0.01 (1) Model 1. Minimally adjusted model: adjusted for child age and gender, and tester.Model 2. Fully adjusted model: adjusted for child age and gender, tester, social class,maternal age at delivery, and marital stability.(2) Higher scores represent better performance.
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Table 44 Mean (SD) scores for girls and boys on the Emotional Triangles TaskOutcomes across ED groups
Girls BoysN M (SD) N M (SD)
Angry Unexposed 288 (70.8) 2.47 (1.37) 308 (75.7) 2.61 (1.41)R & EE 41 (10.1) 2.35 (1.69) 41 (10.1) 2.54 (1.66)Purging 24 (5.9) 2.40 (1.47) 18 (4.4) 2.63 (1.38)Bingeing 29 (7.1) 2.66 (1.25) 15 (3.7) 2.69 (1.35)B & P 25 (6.1) 2.50 (1.94) 25 (6.1) 2.43 (1.69)
HappyUnexposed 288 (70.8) 2.12 (1.50) 308 (75.7) 2.54 (1.66)R & EE 41 (10.1) 2.09 (1.59) 41 (10.1) 1.87 (1.61)Purging 24 (5.9) 1.91 (1.74) 18 (4.4) 1.96 (1.60)Bingeing 29 (7.1) 2.00 (1.59) 15 (3.7) 2.01 (1.65)B & P 25 (6.1) 2.48 (1.50) 25 (6.1) 2.10 (1.68)
Sad Unexposed 288 (70.8) 1.72 (1.26) 308 (75.7) 1.63 (1.27)R & EE 41 (10.1) 1.65 (1.25) 41 (10.1) 1.52 (1.30)Purging 24 (5.9) 1.46 (1.35) 18 (4.4) 1.45 (1.19)Bingeing 29 (7.1) 1.66 (1.48) 15 (3.7) 1.57 (1.33)B & P 25 (6.1) 1.54 (1.53) 25 (6.1) 1.50 (1.27)
ScaredUnexposed 288 (70.8) 1.94 (1.50) 308 (75.7) 2.16 (1.50)R & EE 41 (10.1) 2.01 (1.61) 41 (10.1) 2.15 (1.52)Purging 24 (5.9) 1.83 (1.48) 18 (4.4) 2.18 (1.45)Bingeing 29 (7.1) 2.19 (1.17) 15 (3.7) 2.20 (1.22)B & P 25 (6.1) 1.52 (1.56) 25 (6.1) 1.57 (1.68)(1) Higher scores represent better performance.
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6.2.4.5 Social Communication in Children at High RiskMaternal Bingeing + Purging was predictive of children scoring above the threshold ofat least 9 out of 24 on the SCDC in the minimally adjusted model (OR: 2.40, 95% CI:1.07, 5.39, p = 0.03); and the fully adjusted model (OR: 2.59, 95% CI: 1.13, 5.93, p =0.02). No other statistically significant differences were observed between exposedand unexposed groups (see table 45).
Table 45 Logistic Regression Analysis of Children’s SCDC Scores: Comparison ofexposed and unexposed groups (odds ratios and 95% confidence intervals)n (%) Model 1 OR (95% C.I.) Model 2 OR (95% C.I.)Unexposed 751 (73.2) Ref. Ref.R & EE 104 (10.1) 1.29 (0.61, 2.73) 1.35 (0.63, 2.90)Purging 52 (5.1) 1.36 (0.47, 4.00) 1.31 (0.44, 3.91)Bingeing 59 (5.8) 1.77 (0.72, 4.38) 1.86 (0.75, 4.65)
B & P 60 (5.8) 2.40 (1.07, 5.39)* 2.59 (1.13, 5.93)*
§ p≤0.1, * p≤0.05, ** p≤0.01 (1) Model 1. Minimally adjusted model: adjusted for child age and gender, and tester.Model 2. Fully adjusted model: adjusted for child age and gender, tester, social class,maternal age at delivery, and marital stability.
(2) Table shows odds of children scoring above the established SCDC threshold of ≥ 9 out of 24.
Table 46 Number and percentage of girls and boys scoring above the threshold on theEmotional Triangles Task Outcomes across ED groupsGirls n % Boys n %Unexposed 1 (0.3) 1 (0.3)R & EE 1 (2.0) 8 (12.7)Purging 1 (3.3) 3 (13.6)Bingeing 1 (2.9) 5 (20.8)Bingeing & Purging 4 (13.8) 4 (12.9)(1) Table shows number and percentage of children scoring above the established
SCDC threshold of ≥ 9 out of 24. 
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6.2.4.6 Task Performance across Gender GroupsAs stated above, exposed groups were too small to run separate analysis by gender;however the sensitivity analysis revealed no differences in performance betweengenders that could be considered reliable when taking into consideration sample size(see tables 42, 44 and 46).
6.2.5 Interim Discussion
The aim of this study was to investigate social communication and emotionrecognition abilities in children at high risk of developing an ED, using maternallifetime ED behaviours as a risk marker. Overall the results of statistical analysessuggest that there may be a systematic disturbance in the recognition of fear inchildren at high risk when compared to unexposed children: with a trend towardschildren of women with a Restricting/Excessive Exercising phenotype havingcomparatively lower odds of making errors in the recognition of fear from faces; atrend towards women with a Bingeing phenotype having comparatively higher oddsof misattributing facial expressions as fearful; and maternal Bingeing and Purgingbeing significantly associated with children exhibiting comparatively poorerperformance in the recognition of fear from social motion cues. In addition, maternalPurging was associated with children having comparatively lower odds ofmisattributing faces as sad. With regard to social communication, maternal Bingeingand Purging was associated with children having comparatively higher odds ofscoring above the threshold of at least 9 out of 24 on the SCDC, indicating socialcommunication deficits. Due to this study being exploratory in nature, significancelevels have not been adjusted for multiple testing. As a result, it is possible that somefindings are a result of chance. These findings are discussed in more detail below.
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6.2.5.1 Social CommunicationIn contrast to the findings from study one (where children’s high risk status wasdetermined via maternal self-report of an ED diagnosis) the findings from this studyfound that children at high risk of developing an ED, due to being born to mothersexhibiting a Bingeing and Purging phenotype, had more than twice the odds asunexposed children of scoring above the threshold of at least 9 out of 24 on the SCDC;indicating substantial social communication deficits. As can be seen from thesummary above, the children of mothers exhibiting a Bingeing and Purging phenotypealso exhibited significantly poorer performance in the recognition of fear from socialmotion cues, as measured by the Emotional Triangles Task. In addition, this group ofchildren showed comparatively poorer performance in the recognition of happiness,sadness and anger on this task, but differences did not reach significance. This couldbe an indication that deficits in emotion recognition may be associated with, orperhaps even contribute to, impaired social communication in this group. Theliterature pertaining to clinical groups indicates an association between ED diagnosisand impaired social communication in the acute phase of illness (e.g. Hartmann, et al.,2010; Hudson, Hiripi, Pope, et al., 2007; V. V. McIntosh, Bulik, McKenzie, Luty, &Jordan, 2000). Also, research investigating the presence of comorbid disordersassociated with impaired social functioning suggest that problems in the socialdomain may be present prior to onset of an ED (Zucker, 2007). Our findings may lendsupport to this theory by finding impaired social communication in children at highrisk of developing an ED. However, it is important to note that the SCDC wascompleted by mothers and difficulties in social communication reported for childrenat risk may actually reflect social communication problems in the mothers.
6.2.5.2 Fear RecognitionPerformance of children at high risk, on both emotion recognition tasks, indicatessome level of disturbance in fear processing. The difference in performance on theEmotional Triangles task reached statistical significance, with the children of womenexhibiting a Bingeing and Purging phenotype showing decreased recognition of fear
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from social motion cues in comparison to unexposed children. Differences observedbetween exposed and unexposed children on the DANVA only trended towardssignificance: with the children of women with a Restricting/Excessive Exercisingphenotype having lower odds of making errors when recognising fear from faces; andthe children of women with a Bingeing phenotype having higher odds ofmisattributing faces as fearful. As mentioned above, it is possible that these findingsare due to chance as significance levels were not adjusted for multiple testing;however there is evidence in the literature of ED patients also showing a disturbancein the processing of fear. Kucharska-Pietra and colleagues found that AN patientswere impaired in their recognition of fear, and this association remained significantafter adjusting for a variety of clinical and socio-demographic factors (Kucharska-Pietura, et al., 2003). Interestingly, Jansch and colleagues found that AN patientstaking medication misclassified more faces as fearful, while un-medicated patients didnot (Jänsch, et al., 2009). Problematic fear recognition has also been observed in asub-clinical population. Ridout and colleagues found that in comparison to womenwith low levels of ED symptoms, women with high levels of ED symptoms showedspecific deficits in the recognition of fear and anger, making more fear-as-anger andanger-as-fear misclassifications (Ridout, et al., 2012). The results of study four in thisthesis also showed a trend towards high risk children having disturbed fearprocessing, with children of women reporting AN+BN having higher odds thanunexposed children of misattributing faces as fearful. The various findings in thischapter regarding differential fear processing are difficult to compare, and it is hard todraw any clear conclusions; it does seem however that children at high risk ofdeveloping an ED show a systematic disturbance in the recognition of fear, and thisrequires further investigation. It is possible that the recognition of fear is associatedwith some other factor of the ED phenotype, rather than ED diagnosis or behaviours.
6.2.5.3 Sadness RecognitionAs stated in the summary of findings above, the children of women exhibiting aPurging phenotype had lower odds than unexposed children of misattributing faces as
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sad, and this is a particularly difficult finding to interpret. Evidence in the literatureinvestigating clinical groups suggests that AN patients are impaired in theirrecognition of sadness from faces (Castro, et al., 2010; Pollatos, 2008). It is possiblethat children at risk attend to facial cues of sadness less than unexposed children,making them less likely to misattribute faces as sad when making errors; a trait thatmay be exaggerated in clinical groups leading to a deficit in recognising sadness fromfacial expression. This however is speculation, and further investigation is requiredbefore conclusions can be drawn.
6.2.5.4 Happiness RecognitionStudies investigating the recognition of individual emotions from faces by clinical ANgroups consistently shows impaired recognition of negative emotions, but no deficitswith regard to the recognition of happiness (Oldershaw, et al., 2011). In addition, onestudy investigating the recognition of happiness and sadness only found that ANpatients were impaired in their recognition of sad faces, but no differences wereobserved between AN patients and controls in the recognition of happy faces (Castro,et al., 2010). Consistent with this evidence, which suggests that deficits in therecognition of happiness are not associated to the ED phenotype, the findings fromthis study also found no differences in happiness recognition between children at highrisk and children who are not, on either emotion recognition task.
Interestingly, there is some evidence of impaired happiness recognition in asubclinical population thought to be at comparatively high risk of developing an ED.Jones and colleagues compared the facial emotion recognition capacities of womenexhibiting high and low levels of ED related symptoms, and found that womenexhibiting high levels of ED related symptoms were less accurate when recognisinghappy faces (Jones, et al., 2008). It is possible that happiness recognition may beimpaired in a subgroup of high risk individuals that do not go on to develop a clinicalED, but it is difficult to draw any conclusions regarding this due to the paucity ofevidence in the field.
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6.2.5.5 Anger RecognitionThough there is a great deal of evidence suggesting that patients with AN exhibitdeficits in the recognition of negative emotions from faces, studies that haveinvestigated the recognition of individual emotions have not found impairments in therecognition of anger specifically (Oldershaw, et al., 2011). Consistent with thisevidence, which suggests that deficits in the recognition of anger are not associated tothe ED phenotype, the findings from this study also found no differences in angerrecognition between children at high risk and children who are not, on either emotionrecognition task.
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6.3 Chapter Conclusions
As discussed in chapter 3 (Aims and Methodology) findings from studies usingmaternal self-report diagnosis of an ED as an indicator of risk in children cannot bedirectly compared with findings from studies using maternal ED behaviours overlifetime as an indicator of risk. This is due to the fact that data on maternal EDdiagnosis were collected by ALSPAC at 12 weeks gestation, whereas data on maternalED behaviours were collected when index children were between 18 and 20 years ofage. This means that data on maternal ED behaviours are inclusive of any EDsymptoms with an onset after the pregnancy of the study child, while data on self-report diagnosis are not. Findings regarding social communication and emotionrecognition from the two studies in this chapter are very different: with differencesbeing observed between exposed and unexposed groups in the sample of children forwhom high risk is defined by maternal ED behaviours; but little difference foundbetween exposed and unexposed groups in the sample of children for whom high riskis defined by maternal self-report of ED diagnosis. It is possible that this difference isassociated with maternal lifetime ED behaviours being closer to a core phenotype andtherefore a better predictor of children’s social communication and emotionrecognition capacities. It is also possible that the presence of an ED after birth of theindex child is in some way more detrimental to children’s capacity to communicateand recognise emotions. As outlined above, and in chapter 2, there is a great deal ofevidence to suggest that women with an ED exhibit interpersonal deficits and deficitsin emotion recognition. Perhaps maternal deficits in social cognition have some effecton the development of these constructs in children, rather than impairments beingtraits that are intermediate phenotypes of the eating disorder itself. This is notsomething that can be determined from the findings in this thesis, but should beinvestigated in future research. If the social cognition of children whose mothers havean eating disorder has the potential of developing abnormally due to maternal deficits,it is vitally important that interventions are developed to reduce the impact of thisdifferential development in adolescence and adulthood.
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Strengths and LimitationsStrengths and limitations of the studies in this chapter are detailed in the strengthsand limitations section of the thesis (Chapter 7: Strengths and Limitations).
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Chapter 7
General Discussion & Conclusions
Evidence suggests that diagnosis of an ED is associated with differentialneuropsychological and social functioning. This has been observed both during theacute phase of illness and in recovery. Current research makes it difficult to bedefinitive about whether the differential processing observed is present prior to onsetof an ED. It is possible that the deficits observed in patient groups are due tosecondary features of the disorder, while continuing differences observed inrecovered groups may be a result of scarring. Differences in neuropsychologicalfunctioning and social cognition that are present prior to onset may affect risk statusfor the development of an ED. One method of exploring differences in cognitivefunctioning prior to onset of a psychological disorder is to investigate populations thatare at higher risk of developing that disorder. Family, twin and adoption studies haveshown that the first degree relatives of probands are at higher risk of developing anED themselves than the general population. The studies in this thesis attempt toexplore the presence of pre-morbid differences in neuropsychological and socialfunctioning by investigating a group at high risk: the children of mothers with alifetime ED.
There are a small number of studies in the literature that have investigated executivefunctioning in the first degree relatives of probands. Findings from these studiessuggest that deficits in cognitive flexibility and central coherence are not only presentin ED patients, but also in their unaffected sisters. Unfortunately these studies arelimited by the small samples employed. In addition, high risk studies in the field of EDideally need to be conducted with samples young enough not to have developedsevere ED related cognitions or behaviours. The studies in this thesis are the first toinvestigate neuropsychological functioning and social cognition in a communitysample of children that are at high risk, i.e. a large sample at a young age (8 to 13 yearsold).
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As described in chapter two, there are limitations associated with the diagnosticcriteria for ED that have an effect on research findings; and observable behaviouralphenotypes are likely to have a more direct relationship with cognitive functioningthan ED diagnoses. In this thesis, high risk status in the children was defined in twoways: (i) maternal self-report of an ED diagnosis prior to birth of the index child; and(ii) maternal ED behaviours experienced over lifetime. The studies in this thesis arethe first to use behavioural ED phenotypes in combination with the high risk researchdesign.
This chapter provides a summary of the findings from the studies in this thesis. Indepth discussion that places these findings in context, providing comparison withcurrent evidence can be found in the relevant discussion sections of each study(chapters 4 and 6). This chapter is a discussion of the most interesting findings fromthese studies with possible interpretations; also making reference to clinicalimplications and avenues for future research.
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7.1 Neuropsychological Functioning in Children at High Risk of
Developing an ED.
7.1.1 Study 1. Intelligence, Global Cognition and Executive
Functioning in Children at High Risk of Developing an ED:
Summary of Results
In study one, high risk status in the children was defined by maternal self-report of anED prior to birth of the index child. Results showed that in comparison to unexposedchildren, children at high risk of developing an ED due to being born to a mother withAN, showed higher IQ, superior working memory, decreased attentional control andselective attention, and possibly a subtle decrease in behavioural inhibition. None ofthese constructs have previously been investigated in the first degree relatives ofprobands, however all of these differences have previously been observed in ANpatients during the acute phase of illness, and in some cases during recovery (e.g.Dobson & Dozois, 2004; Galimberti, et al., 2011; Hatch, et al., 2010; Lopez, et al., 2010).
Children at high risk of developing an ED, due to being born to a mother with BN,showed comparatively poor visual organizational ability and visual motorcoordination; and possibly a subtle decrease in behavioural inhibition. Researchpertaining to the cognitive functioning of BN patients is limited and conflicting (Vanden Eynde, Guillaume, et al., 2011), but there is some evidence of similar deficits beingpresent in clinical groups (e.g. I. Gillberg, et al., 2007; Kemps & Wilsdon, 2009). Thefindings from this study implicate high IQ, superior working memory, decreasedattentional capacity, poor visuo-spatial functioning, and possibly poor behaviouralinhibition, as putative intermediate phenotypes of ED.
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7.1.2 Study Two. Do Maternal Lifetime ED Behavioural Phenotypes
Predict Children’s Neuropsychological Functioning?:
Summary of Results
In study two, high risk status of the children was defined by maternal ED behavioursexperienced over lifetime. Results showed that children at high risk due to being bornto women with a restricting/excessive exercising phenotype showed comparativelyhigh IQ. Children at high risk due to being born to women with a Purging phenotypeshowed good logical thinking and verbal capacities; but comparatively poor selectiveattention/information processing and sustained attention. Children at high risk due tobeing born to women with a Bingeing phenotype showed comparatively poor verbalabilities; and children at high risk due to being born to women with a Bingeing andPurging phenotype showed comparatively poor visuo-spatial ability. Though there isevidence to suggest that all of these differences are present in ED patients (see above),research has not specifically explored the association between these cognitivestructures and behavioural phenotypes in clinical groups. Like the findings of studyone, the results of this study also implicate high IQ, superior working memory,decreased attentional capacity, and poor visuo-spatial functioning, as putativeintermediate phenotypes of ED. Unlike the findings from study one, exposed andunexposed groups showed no differences in behavioural inhibition; though in studyone the differences observed only trended towards statistical significance.
7.1.3 Possible Interpretations and Clinical Implications
Common findings from the two studies in this chapter are that children at high riskshow comparatively better intellectual functioning (maternal AN/Restricting andExcessive Exercising), and superior working memory (maternal AN/AN+BN/Bingeingand Purging); however they also show poor visuo-spatial processing (maternalBN/Bingeing and Purging). Additional findings from study one (that were notobserved in study two) were that children at high risk showed superior visuo-spatialfunctioning (maternal AN), comparatively poor attentional control (maternal AN), and
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decreased selective attention (maternal AN). There was also some evidence to suggestthat children at risk showed decreased behavioural inhibition (maternal AN/BN). Anadditional finding in study two, that was not present in study one, was that children athigh risk showed poor sustained attention (maternal Purging) in comparison tounexposed children.
As discussed in chapter three, the superior intellectual functioning found in childrenat high risk (AN/Restricting and Excessive Exercising) is consistent with evidence inthe literature of a diagnosis of AN being associated with high IQ (Lopez, et al., 2010).Taken together, these findings suggest that superior intellectual functioning may bean underlying trait associated with the AN/Restricting ED phenotype which is: (i)independent of illness state; (ii) present prior to onset of an ED; and (iii) a putativeintermediate phenotype.
In both physical and psychological fields, premorbid intellectual functioning has beenassociated with cognitive reserve: defined as the level of cognitive capacity anindividual has prior to onset of disease or injury. Evidence suggests that high cognitivereserve predicts one’s ability to sustain greater brain injury before exhibitingfunctional deficits (Stern, 2003). High premorbid IQ/cognitive reserve has beenshown to be a predictor of better treatment outcome for disorders such asschizophrenia (Barnett, Salmond, Jones, & Sahakian, 2006), and autism (Howlin,Magiati, Charman, & MacLean, 2009). The findings of one recent study suggest thatthere may be a similar association in ED, with high premorbid IQ being predictive ofbetter neuropsychological improvement in AN patients during recovery (Keifer, et al.,2010). This is certainly something that requires further investigation.
Of interest is that in study one of this chapter (risk status defined by maternaldiagnoses), maternal AN was predictive of both superior (intellectual ability, visuo-spatial processing and working memory) and inferior (attentional control) cognitivefunctioning. However, in study two (risk status defined by maternal lifetimebehavioural phenotype), maternal Restricting/Excessive Exercising was only
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predictive of superior functioning (intellectual ability). It may be that generally goodneuropsychological functioning/cognitive reserve is part of the core pathology ofrestricting only ED, and may be associated with decreased risk for the development ofother ED behaviours (i.e. bingeing/purging) over the course of illness. In other words,it is possible that high cognitive reserve, in a sub-group of patients with restrictingAN, is in some way associated with lower risk of cross-over to an AN-BP, BN, orEDNOS diagnosis. An alternative explanation is that high intellectualfunctioning/cognitive reserve and a lifetime Restricting/Excessive Exercisingphenotype are both the consequence of a third factor. For example, traitscharacteristic of individuals with AN-R: such as perfectionism, perseverance, andpersistence (the desire to do well and to keep trying in the face of adversity); couldcontribute to success in intellectual learning and cognitive development, while alsopreventing the use of bingeing or purging behaviours which could be thought of as aconsequence of “failure” in the quest for low weight.
The findings from these studies provide grounding for further investigation regardingthe association between intelligence and ED. For example, do patients with high IQhave better prognosis, or respond better to treatment; are they less likely to cross-over into a different ED diagnosis; how could the high IQ observed be incorporatedinto treatment; and does IQ decline for patients with a particularly long duration ofillness? Future research may make it possible to predict which patients are at highrisk of developing bingeing/purging behaviours based on intellectual functioning orlevel of perfectionist traits at first presentation. Evidence of superior intellectualfunctioning should be taken into account in clinical practice, and doing so may have apositive effect on the therapeutic relationship. Due to the individual variation inintellectual functioning however, it may be worth testing ED patients individuallyrather than assuming this to be the case. This could be important to prevent theoverestimation of intellectual functioning for some, which may in turn have adetrimental effect on therapy.
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The findings from this chapter suggest that maternal BN/Bingeing and Purgingphenotype specifically is associated with poor visuo-spatial functioning and motorcoordination in children. Despite evidence of impaired visuo-spatial functioning beingassociated with a diagnosis of AN in the literature (e.g. Favaro, et al., 2012; Tenconi, etal., 2010), maternal AN was associated with comparatively better visuo-spatialfunctioning in children (study one). Potential reasons for this have been discussedextensively in the discussion for study one. It is worth noting however that thepotential association between poor visuo-spatial functioning and AN is based onresearch using current ED diagnosis to categorize patients. It is possible that poorvisuo-spatial processing may in some way be associated with high risk of developingbingeing/purging behaviours, leading to diagnostic cross-over.
Deficits in visuo-spatial processing may directly or indirectly contribute to thedisturbance in body image exhibited by ED patients (Frampton, 2012), possiblycausing a bias in visual processing that is associated with the distortion of body imageassociated with diagnosis of an ED. Our findings suggest that the poor visuo-spatialfunctioning that has been observed in ED groups may also be present prior to onset.The deficits observed in these children at risk are subtle but significant. It is possiblethat the subtle deficits observed here at age 8 become more severe duringadolescence, or are accentuated by the development of an ED. The findings from thischapter indicate a need for further research investigating premorbid visuo-spatialfunctioning. Longitudinal studies investigating the development of such deficits wouldbe helpful in understanding how these subtle impairments may eventually affect thedevelopment of a distorted body image; and in turn help to create interventionsfocusing on improving this ability, with the aim of preventing such a deficit fromcontributing to the development of an ED.
The results from both of the studies in this chapter provide evidence for subtleimpairments in attentional processing in children at high risk. In study one maternalAN was associated with poor attentional control/attentional inhibition and poorselective attention/information processing in children. Findings differed slightly in
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study two, with a maternal Purging phenotype being associated with poor selectiveattention/information processing and decreased sustained attention. Considering thefindings from both studies, it appears that attentional impairments are associatedwith an ED phenotype that is characterized by purging but not bingeing. It has beensuggested that attentional deficits in ED groups may be associated with the attentionalbias that is observed towards weight, shape and food; and the inability todivert/inhibit attention from these stimuli (Zucker, Moskvich, & Soo, 2011). Theconstruct of information processing/selective attention particularly is thought to beassociated with individuals being more attentive to these ED relevant stimuli thanhealthy controls (Dobson & Dozois, 2004).
Research investigating attentional capacity in ED patients has provided mixedfindings on a range of attentional constructs, and it has been suggested that deficits inworking memory may underlie observed deficits in attention (Green, et al., 1996b).The findings of this chapter found no deficits in working memory within children athigh risk, suggesting that the observed deficits in attention are unrelated toimpairments in working memory. It is also conceptually possible that problems withselective attention underlie the visuo-spatial deficits associated with ED; however thefindings from these studies suggest that visuo-spatial impairments are more likely tobe associated with a bingeing and purging phenotype while attentional impairmentsseem more likely to be associated with a restricting/purging phenotype.
The act of attending to any stimuli varies as a result of (i) that which requiresattention, and (ii) the surrounding environment in which an individual is required toattend: i.e. whether one is required to attend to two or more stimuli simultaneously;whether it is necessary to switch between different stimuli; or whether attending to astimulus also necessitates the inhibition of other distracting stimuli. As a result,attention cannot be regarded as a single construct (Manly, et al., 2001). Poorperformance on the attentional control task used in this thesis is thought to indicate adecreased ability to inhibit a well learned pre-potent response. This deficit inattentional control could translate into an inability to inhibit the pathological (food,
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shape and weight related) thoughts and behaviours common to AN, and aperseveration of these thoughts and behaviours in the face of both physical and socialimpairment. In addition, the lack of ability to inhibit a pre-potent response couldcontribute to the deficit in cognitive flexibility, for which there is a great deal ofevidence in the literature (e.g. Tchanturia, et al., 2012; Tchanturia, et al., 2011).
The results from these studies implicate poor attentional functioning as a putativeintermediate phenotype for ED of a restricting/purging phenotype. This basicimpairment may make individuals more vulnerable to developing a selectiveattentional bias towards their own body during adolescence, a period of substantialchange; in turn increasing vulnerability for the development of disordered eating. Anintervention aimed at improving attentional capacity within vulnerable groups mayprevent such impairment from contributing to the development of an ED in later life.It is also possible that lack of success in treatment may be associated with attentionaldeficits and problems with information processing, as well as or instead of resistanceto therapy. Targeting attentional deficits during therapy may improve treatmentoutcome.
Recent research increasingly implicates superior working memory as a core symptomof AN (e.g. Brooks, et al., 2012; Dickson, et al., 2008; Fowler, et al., 2006). Interestingly,findings from chapter four found superior working memory in the children of womenwith AN and AN+BN (study one); and in the children of women exhibiting a Bingeingand Purging phenotype (study two). It is worth noting that in study one, high riskstatus due to maternal AN+BN was more strongly associated with superior workingmemory than maternal AN. This could indicate a relationship between superiorworking memory and ED with a bingeing and purging phenotype.
The mixed findings in this chapter regarding behavioural inhibition in children at riskare consistent with the mixed findings from studies investigating behaviouralinhibition in clinical ED groups. Though some patients with AN-R consistentlymaintain their level of control, successfully restricting their eating over long periods;
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many experience a breakdown of this control, leading to symptom fluctuation anddiagnostic cross-over to AN-BP and then to BN (Tozzi, et al., 2005). This could eithermean that inhibitory control changes over time or that the vulnerability for this tooccur was present prior to onset and prevented by some other factor, cognitive orotherwise. Mixed findings in the literature and in study one of this thesis may reflectan association between behavioural inhibition and diagnostic cross-over that is notyet understood.
Steiger and colleagues have proposed an association between binge eating and poorinhibitory control in BN (Steiger, Lehoux, & Gauvin, 1999). It is possible that tasksassessing the inhibition of behaviours that are in response to external cues are notideal for assessing behavioural inhibition in ED groups. The inability to inhibitbehaviours such as bingeing may well be due to basic cognitive processes associatedwith behavioural inhibition. However, tasks assessing the inhibition of behaviours inresponse to internal, rather than external, stimuli may be more efficient at detectingsuch a disturbance. In addition, behavioural tasks assessing inhibitory control aregenerally administered in a neutral environment, and this was also the case for thestudies in this thesis. This means that factors which may influence the ability to inhibitbehavioural responses in everyday life such as environmental triggers or autonomicarousal are not accounted for, limiting the generalisability of findings. Though onlysubtle to no observable differences were found between exposed and unexposedgroups, it is possible that under different conditions there would be observabledifferences in inhibitory control.
The decreased performance on measures of attentional and (possibly) behaviouralinhibition exhibited by children at risk could represent decreased executive control(top down) processes. This could lead to a decreased ability to inhibit negativereactions (bottom up) (Claes, et al., 2011), and make children at risk more vulnerableto the use of negative coping mechanisms. Inhibitory dysfunction could also be abarrier to treatment (Lauer, et al., 1999). A cognitive remediation therapy (CRT) thatfocuses on inhibitory control may be a good addition to treatment, perhaps in
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combination with existing CRT for ED which focuses on cognitive inflexibility andweak central coherence (Tchanturia, Davies, & Campbell, 2007).
Evidence suggests that a high number of cognitive deficits is associated to poorerpost-treatment prognosis for ED (Hamsher, Halmi, & Benton, 1981; Szmukler, et al.,1992); and that ED symptoms decrease upon treatment of cognitive problems (Lena,et al., 2004). These findings make treatment focused on basic cognitive functions anattractive and viable addition to other therapies. Clinicians should be cautioushowever when applying findings based on mean group scores for neuropsychologicaltests to individual patients, as evidence suggests that individual patients with ANexhibit varying neuropsychological profiles (Rose, Frampton, & Lask, 2012).Individual assessments of patients may be useful prior to the utilization of specificcognitive based treatments such as cognitive remediation therapy (Tchanturia, et al.,2007).
The neuropsychological profile of our high risk groups contrast with the profile ofindividuals at high risk for developing schizophrenia. This suggests that our findingsare likely to be specific to the development of an ED, rather than the development ofpsychological disorders in general. Research into the neuropsychological profile ofindividuals at high risk for schizophrenia has revealed low IQ scores (TIQ = 98.48) incomparison to controls (TIQ = 105.15), and comparatively poor performance on allmeasures of memory (e.g Byrne, Hodges, Grant, Owens, & Johnstone, 1999); while thissample of children at high risk for ED exhibit high IQ and superior working memory.Similarly to the children in this sample however, individuals at high risk forschizophrenia also exhibit decreased attentional control/attentional inhibition. It mayalso be the case that our high risk group shows similarities with individuals at highrisk for Obsessive Compulsive Disorder (OCD). Impaired behavioural inhibition hasalso been observed in OCD patients and their unaffected first-degree relatives (e.g.Chamberlain, et al., 2007). This suggests that impaired behavioural inhibition could bean underlying trait in both AN and OCD, two disorders that are often speculated to bepart of the same spectrum (e.g. Altman & Shankman, 2009; Bellodi, et al., 2001), and
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which present clinically through an inability to inhibit particular pathologicalbehaviours.
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7.2 Social Cognition in Children at High Risk of Developing an
Eating Disorder
7.2.1 Study Four. Social Communication and Emotion Recognition in
Children at High Risk of Developing an Eating Disorder: Summary
of Results
In study four, high risk status in the children was defined by maternal self-report of anED prior to birth of the index child. Results showed little difference in socialcommunication and emotion recognition capacity between the children at high risk,and the children who were not.
Children at high risk of developing an ED, due to being born to mothers with AN+BN,showed higher odds than unexposed children of misattributing faces as fearful;though this difference only trended towards significance.
7.2.2 Study Five. Are Maternal Lifetime ED Behavioural Phenotypes a
Better Predictor of Children’s Social Communication and
Emotion Recognition: Summary of Results
In study five, high risk status in the children was defined by maternal ED behavioursexperienced over lifetime. Results showed that in comparison to unexposed children,children at high risk of developing an ED due to being born to women with aRestricting/Excessive Exercising phenotype had lower odds of making errors in therecognition of fear from faces and exhibited poorer recognition of happiness fromsocial motion cues. Children at high risk due to being born to women with a Purgingphenotype had comparatively lower odds of misattributing faces as sad; and childrenat high risk due to being born to women with a Bingeing phenotype hadcomparatively higher odds of misattributing faces as fearful. Children at high risk dueto being born to women with a Bingeing and Purging phenotype showed
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comparatively poor performance in the recognition of fear from social motion cues,and also had higher odds of exhibiting deficits in social communication.
7.2.3 Possible Interpretations and Clinical Implications
The common finding from the two studies in this chapter was that children at highrisk of developing an ED, due to being born to a mother with AN+BN (study one) or amother exhibiting a Bingeing phenotype (study two), had higher odds ofmisattributing faces as fearful. It is interesting to note however that the majority ofthe additional differences observed between exposed and unexposed children instudy two were also related to fear processing. Maternal Restricting/ExcessiveExercising was found to be associated with children having lower odds of makingerrors in the recognition of fear from faces, and maternal Bingeing and Purging wasfound to be associated with children having comparatively poor recognition of fearfrom social motion cues.
These findings are particularly interesting in light of Strober’s theory that anunderlying causal factor for development of AN may be a susceptibility to extremefear conditioning accompanied by an increased resistance to fear extinction (Strober,2004). Strober notes parallels between phobic anxiety and the morbid fear of weightgain that is observed in patients with ED, suggesting etiological links between AN andanxiety. This possible association has been posited by many due to the increased ratesof both premorbid and comorbid anxiety disorders within ED patients (e.g. Bulik,Sullivan, Fear, & Joyce, 1997; Herman & Polivy, 1980); and the prevalence of anxiouspersonality traits in women with ED such as harm avoidance, restraint, andperfectionism. It is possible that one genetically inherited trait affecting risk status forthe development of an ED, is a disturbance in the way that fear is attended to,perceived and learned; and this may be a trait shared with anxiety disorders.Interestingly, a study using positron emission tomography found some evidence foran over-expression of the neuronal circuitry that is involved with the regulation offear conditioning, within weight recovered AN women (Holender, 1986).
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Strober suggests that based on his hypothesis, the first-degree relatives of ANprobands should show differences in fear processing/learning in comparison to therelatives of healthy controls. This is in line with the results of these studies; not only inthe children of mothers with AN+BN, but also in the children of women exhibitingRestricting/Excessive Exercising, Bingeing, and Bingeing and Purging phenotypes. It ispossible that Strober’s theory may extend across all EDs rather than being specific toAN. In addition to differential fear processing, children at high risk also exhibiteddifferences in the recognition of sadness and happiness. Social perception isfundamental to effective social interaction, and requires one to infer the motivationsand emotions of others from a variety of cues. The results of this study suggest thatimpairments in emotion recognition from both facial cues and social motion cues arepresent in children at high risk. This kind of impairment can make complex socialinferences challenging and may contribute to impaired development of socialcommunication.
In comparison to the children of unexposed mothers, children at high risk due to beingborn to women with a Bingeing and Purging phenotype had over twice the odds ofhaving high scores on the Social and Communication Disorders Checklist (SCDC);designed to measure social reciprocity and other verbal/non-verbal social traits thatare characteristic of ASD. A high score is indicative of deficits in social communicationtypical of the ASD spectrum. This finding is consistent with a previous study whichalso found that the first degree relatives of ED probands (initially presenting with adiagnosis of AN) exhibit ASD like symptoms of social impairment (Råstam, et al.,2003). Deficits in social communication and ASD type traits have also been observedin AN patients (e.g. Oldershaw, 2010; Oldershaw, et al., 2011; Zucker, 2007). It hasbeen suggested that there is considerable overlap between ASD and AN, andapproaching research from a perspective less focused on diagnostic labels mayenhance research exploring the relationship between neurocognitive profiles andgenetic vulnerability. The contrast between the findings from this thesis and theexisting research is that ASD type traits have thus far been associated with AN in the
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literature, while deficits in social communication are observed here in children at highrisk due to being born to women with a Bingeing and Purging phenotype. It is worthnoting though that the lack of evidence for an association between the ASD andBN/EDNOS phenotypes may be due to the paucity of research investigating thisassociation.
Research investigating social and interpersonal functioning in autism spectrumdisorders has found that family members exhibit similar deficits at a more subtle level(Piven, 2001). The findings from this thesis suggest the same may be true forindividuals with ED. Individuals with high functioning ASD are often not detected untiladolescence when peer relations and interpersonal functioning become more complexand challenging (Wing, 1997). A similar effect may occur in the development of ED,where onset is typically in adolescence. Subtle deficits may not impair day to day lifeuntil adolescence, when social communication begins to rely more heavily on non-
verbal perception of others’ intentions and emotions. It is possible that impairedsocial communication and emotion recognition are putative intermediate phenotypesof ED. Results from this chapter support the notion that there are benefits in exploringsocial cognition and emotion recognition in family members of probands, especiallywhen investigating neurocognitive and genetic contributions to the development of anED.
It is curious that more significant differences in social communication and emotionrecognition were observed between exposed and unexposed groups when high riskstatus was defined by maternal ED behaviours over lifetime, rather than maternalself-report ED diagnosis. As study two was accounting for ED status over the lifetime,this sample may have had a greater proportion of children for whom the maternal EDwas present within their lifetime and not just prior to their birth. Social and emotionaldeficits in the mothers may have contributed to insecure attachment relationshipsbeing formed, or development of emotion perception being biased or disturbed. Ifimpaired socio-emotional functioning is also an intermediate phenotype of ED,children at risk may have had the genetic vulnerability and been exposed to an
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environment conducive to the expression of that genetic vulnerability. It is worthnoting that the SCDC was completed by the mothers, and results may be a reflection ofmaternal deficits in social communication, interpersonal difficulties between themother and child, or maternal reports being biased. Alternatively, it is possible that, aspredicted, lifetime ED behaviours provide a better phenotype than ED diagnosis forassociation with social and emotional constructs.
Socio-emotional deficits have been associated with slow treatment progress and poorillness prognosis (e.g. Goodwin, 2002; Porcelli, et al., 2003; Speranza, Loas, Wallier, &Corcos, 2007; Zipfel, Löwe, Reas, Deter, & Herzog, 2000), but AN patients have beenfound to be motivated to improve in the domains of social acceptance andinterpersonal functioning (e.g. Serpell, Teasdale, Troop, & Treasure, 2004; Serpell,Treasure, Teasdale, & Sullivan, 1999). Treatment programs that engage patients insocial and interpersonal improvement may lead to less treatment drop-out andimproved treatment outcome. This is particularly important in light of evidenceindicating difficulty in forming therapeutic alliances in with AN patients (Vitousek, etal., 1998). Support for interventions focusing on social and interpersonal elements ofED also comes from evidence that a disturbance in attachment development ispredictive of premature treatment termination (Tasca, Taylor, Ritchie, & Balfour,2004). Research investigating social and emotional functioning in disorders such asschizophrenia and autism have led to the development of effective interventions (e.g.Bellini & Peters, 2008; Horan, et al., 2009); and an intervention focused on socialcognition has recently been developed for AN, receiving a positive response frompatients (Money, Genders, Treasure, Schmidt, & Tchanturia, 2011). The associationbetween basic cognitive processes in the social domain (i.e. emotion perception) andthe impact of therapy/ability for therapists to form therapeutic alliances has not yetbeen explored. This would be an interesting line of research which may lead to thedevelopment of interventions that target basic cognitive processes in the socialdomain, which in turn may lead to better treatment outcome and illness prognosis.
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7.3 Theoretical Implications
The differences in processing across different cognitive structures observed in thissample of children at high risk may work in combination to increase risk fordevelopment of an ED. Attentional and visuo-spatial impairments could increase theattentional bias towards body related stimuli that is already present duringadolescence. This attentional bias could interact with a hypersensitivity to fear cues,emphasizing the importance of maintaining a low weight or increasing the fear ofbodily changes during puberty. It has been suggested that the conscious aspects ofworking memory are guided by stimuli that is perceived non-consciously (Baars &Franklin, 2003). The superior working memory observed in children at risk may workcounter-productively in this situation; leading individuals to ruminate on negative EDrelated thoughts that are already emphasized by attentional bias and ahypersensitivity to fear cues. In addition, impaired attentional control may alsoprevent individuals from inhibiting these negative ED related thoughts.
Deficits in neuropsychological functioning and social cognition may also bedetrimental to one’s problem solving ability, making it difficult for individuals tonavigate a social life which becomes increasingly complex during adolescence. Deficitsin social communication and emotion perception may only become apparent anddetrimental to functioning at this time, adding an additional obstacle to a period ofintense internal and external change. Maladaptive eating may be a coping mechanismused to deal with the conflict that is experienced at this time (Ruiz, Leon, Diaz,Paredes, & Resendiz, 2012).
Research into schizophrenia has found that in some cases social cognition mediatesthe relationship between neurocognitive impairments and overt functioning (Sergi, etal., 2006; Sergi, et al., 2007). It appears that this may also be the case with ED; and thecognitive profile of the children at risk in this sample may represent a cognitive basedvulnerability, predisposing children exhibiting this cognitive style to higher risk ofdeveloping an ED.
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7.4 Strengths and Limitations
The studies in this thesis are the first to investigate cognitive function in children athigh risk of developing an ED, and the first to investigate intellectual functioning,working memory, attention, and emotion recognition in the first degree relatives ofprobands. The research conducted does have strengths, but also limitations. Workingwith the Avon Longitudinal Study of Parents and Children (ASLPAC) has allowed theuse of a large cohort of children. This is particularly beneficial with researchinvestigating ED due to its low prevalence in the population. Because ALSPAC is alongitudinal study, data on the cognitive function of children were collectedprospectively which allows causal inferences to be made. A limitation of this howeveris that the measures used to assess cognition could not be chosen based on evidenceof their previous use in relation to ED. As a result, the measures used to assesscognitive function of the children in this sample have had little or no use with EDpopulations, making comparison of the findings with existing literature more difficult.In addition, neuropsychological measures never measure one cognitive functioning inisolation; though this is a limitation with all research using neuropsychological tests.The strength of this type of behavioural testing however is that outcomes areobjective and based on performance; as opposed to the results from self-reportmeasures which tend to be more biased.
A strength of investigating cognition in a non-clinical sample (particularly with regardto ED research), is that that findings are not attributable to the potential effects oflimited nutritional intake. This is important as dietary restraint has been shown tohave a negative effect on cognitive performance in children (e.g. Brunstrom, Davison,& Mitchell, 2005), and adults (e.g. Green, et al., 1994; Keys, et al., 1950). The use of anon-clinical sample also means that it is possible to generalize the findings from thisthesis to subjects at risk for ED in the general population; however it is important toconsider sample bias in relation to attrition. Analysis showed that women whoattended clinics with their children were more likely to be older, more highly
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educated, and of a higher social class, which means that our findings arerepresentative of a well educated population of a high socio-economic status.
The findings from the two samples employed in this thesis are not directlycomparable due to differences in the methods used to define high risk status in thechildren. Firstly, the methods of collecting data regarding maternal ED status differed.Maternal ED diagnosis was determined via self-report (studies one and four) andmaternal behaviours over lifetime were determined via clinical interview (studies twoand five). Secondly, data regarding maternal ED status were collected at two differenttime points. Maternal ED diagnosis was reported prior to the birth of the index child,and therefore reflected maternal ED history up to birth of the child. In contrast, dataregarding maternal ED behaviours over lifetime were collected when children werebetween 18 and 20 years of age, and were therefore representative of maternal EDexperience over the majority of lifetime. Thirdly self-reported ED might have includedwomen who had mild or sub-threshold disorders, whilst lifetime ED behaviourgrouping was made to reflect clinical severity.
Limitations also arise in relation to the collection of data regarding exposure. The prosand cons of both exposure measures have been discussed at length in chapter 3 (Aimsand Methodology). In relation to self-reported ED there is evidence that self-reportmeasures such as the ones used in this study might be as sensitive and specific asmore commonly used measures (Keski-Rahkonen, et al., 2006); moreover theprevalence of ED in this sample is comparable to that found in epidemiological studiesof women (Micali, Simonoff, & Treasure, 2007b). It is also worth noting that thoughED diagnosis (studies one and four) was obtained via self-report, lifetime history ofED behaviours (studies two and five) was obtained through in-depth interviews usinga well validated clinical measure (SCID-IV). When using maternal ED behaviours overlifetime as an indicator of risk in children, weight/BMI was not taken into account.This would have been difficult, unless only lowest weight over lifetime was recorded.
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It is possible that a proportion of women in the unexposed group for studies two andfive had been diagnosed with a psychiatric illness (other than ED), or that women inexposed groups for all studies had a comorbid diagnosis. It is unlikely that this wouldlead to bias however, due to the small percentage of women that are likely to beaffected. In addition, mental health of the children was not taken into account.Research has consistently shown no association between depressed mood andcognitive functioning in AN (e.g. Bayless, et al., 2002; Fassino, et al., 2001; Green, et al.,1996a; Kingston, et al., 1996; Lauer, et al., 1999; Mathias & Kent, 1998; Szmukler, etal., 1992). However this cannot be assumed for children at risk, or for otherpsychiatric disorders.
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7.5 Future implications for research
In addition to the possibilities for future research that have been discussed above, thenext step from this study would be to investigate whether the cognitive differencesobserved in these children at high risk contribute to the development of EDbehaviours and ED diagnosis in adolescence. It would be particularly interesting tocompare children at high risk who do show differences in cognitive functioning withchildren at high risk who do not. This could be a first step towards quantifying theeffect of differential cognitive functioning on risk status within a larger risk model. Itwould also be important to look at how differential cognitive functioning affectsdevelopment of an ED in children that are not at high risk, by: (i) investigating whichof the unexposed children go on to develop an ED; and (ii) whether this is affected bydifferences in cognitive development. Findings from such a study could be vital forknowing which cognitive differences are associated with development of an ED, andwhich are unrelated.
Further clarification of the findings from this study is required. Due to a variety oflimitations (i.e. sample size) it was not possible to compare cognitive functioningacross children whose mothers experienced an ED prior to pregnancy, those whoseonset was after pregnancy, and those who met criteria for diagnosis duringpregnancy. This is important due to the possibility that maternal low weight duringpregnancy may affect the cognitive development of children. In addition, due to thefact that ALSPAC is a child based study, data on the cognitive development of siblingsand data on paternal ED were not available. Future research investigating children athigh risk would benefit from assessing all the children of women with an ED andrunning statistical analysis that accounts for this. Finally, maternal data onneuropsychological functioning were not available. Future studies should assess theneuropsychological functioning of both parents and children to investigate whethercognitive differences are similar between family members.
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In addition to investigating the development of ED in the sample of children employedfor this thesis, it would be useful to initiate a similar but new study in which thedevelopment of relevant cognitive structures are assessed consistently throughout thechild’s development through both neuropsychological tasks and brain imaging.Longitudinal studies of this nature could provide an understanding of how cognitiondevelops prior to onset of an ED, and at which time points development differs. Thereare several implications for this type of research: (i) an improvement in theunderstanding of how neuropsychological development is associated to thedevelopment of brain structure and function within those who go on to develop anED; (ii) the identification of early risk markers could give an indication of whichchildren are likely to develop an ED and therefore which children would benefit fromintervention; (iii) knowing when the relevant differences in cognitive developmentoccur would indicate when intervention strategies would be most effective; (iv)having an understanding of how and when cognitive development varies from thenorm may contribute to the search for genetic markers of risk. Such a study wouldalso provide an opportunity to use neuropsychological tasks that have previouslybeen validated for use within the ED population, making direct comparisons withresearch investigating clinical groups possible. Furthermore, this type of study couldalso research the development of other psychiatric disorders that are frequentlyassociated with ED, such as anxiety, OCD, and ASD; with the aim of identifyingcognitive differences that are associated with traits that are similar and differentacross these disorders.
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7.6 Conclusions
The findings from this thesis suggest that children at high risk for ED (due to having amother with an ED) show differences in: intellectual functioning, visuo-spatialprocessing, attentional capacity, working memory, behavioural inhibition, socialcommunication, and emotion recognition; when compared to children not at high risk.This suggests that these specific cognitive differences that have been observed in EDgroups may be present prior to onset and are putative intermediate phenotypes forED.
Differential patterns of cognition were observed for children born to women withdiffering ED diagnoses/behavioural phenotypes over lifetime. This highlights theimportance of differentiating between ED diagnoses for the purposes of research, andalso implies that a lifetime diagnosis/phenotype may provide the homogeneityrequired for investigation into neuropsychological profiles, intermediate phenotypesand possible genetic correlates.
Although differences between groups were small from a clinical perspective, this is tobe expected in a high-risk study. Further research is required to confirm and furtherexplore our findings, but a clarification of the neuropsychological profile of those athigh risk of developing an ED is extremely important: both in relation to theidentification of vulnerable individuals (and therefore preventative efforts); and infurthering our understanding of which neuropsychological profiles are linked tosusceptibility for ED, and which ones might be a scar of these disorders.
- 249 -
Abbate-Daga, G., Piero, A., Rigardetto, R., Gandione, M., Gramaglia, C., & Fassino, S.(2007). Clinical, psychological and personality features related to age of onsetof anorexia nervosa. Psychopathology, 40(4), 261-268.Ackard, D. M., Fulkerson, J. A., & Neumark-Sztainer, D. (2007). Prevalence and utility ofDSM-IV eating disorder diagnostic criteria among youth. [Research Support,U.S. Gov't, P.H.S.]. The International journal of eating disorders, 40(5), 409-417.Agras, W. S. (2001). The consequences and costs of the eating disorders. [Review]. The
Psychiatric clinics of North America, 24(2), 371-379.Altman, S. E., & Shankman, S. A. (2009). What is the association between obsessive-compulsive disorder and eating disorders? Clinical Psychology Review, 29(7),638-646.American Psychiatric Association, n. (2000). Diagnostic and statistical manual of
mental disorders.American Psychiatric Association. Diagnostic and Statistical Manual of MentalDisorders, Fourth Edition, Text Revision (DSM-IV-TR) (2000).Amminger, G. P., Schäfer, M. R., Papageorgiou, K., Klier, C. M., Schlögelhofer, M.,Mossaheb, N., et al. (2011). Emotion Recognition in Individuals at Clinical High-Risk for Schizophrenia. Schizophrenia Bulletin.Anderluh, M., Tchanturia, K., Rabe-Hesketh, S., Collier, D., & Treasure, J. (2009).Lifetime course of eating disorders: design and validity testing of a newstrategy to define the eating disorders phenotype. Psychological Medicine,
39(1).Anderson (2001). Assessing executive functions in children: biological, psychological,and developmental considerations. Developmental Neurorehabilitation, 4(3),119-136.Anderson, P. (2002). Assessment and Development of Executive Function (EF) DuringChildhood. Child Neuropsychology, 8(2), 71-82.Andres-Perpina, S., Lozano-Serra, E., Puig, O., Lera-Miguel, S., Lazaro, L., & Castro-Fornieles, J. (2011). Clinical and biological correlates of adolescent anorexia
- 250 -
nervosa with impaired cognitive profile. European Child & Adolescent
Psychiatry.Arcelus, J., Mitchell, A. J., Wales, J., & Nielsen, S. (2011). Mortality rates in patients withanorexia nervosa and other eating disorders: A meta-analysis of 36 studies.
Archives of General Psychiatry, 68(7), 724-731.Ashwin, C., Chapman, E., Colle, L., & Baron-Cohen, S. (2006). Impaired recognition ofnegative basic emotions in autism: A test of the amygdala theory. Social
Neuroscience, 1(3-4), 349-363.Aspen, V. A., Stein, R. I., Cooperberg, J., Manwaring, J. L., Barch, D., & Wilfley, D. E.(2011). Selective processing of body image words in women at-risk fordeveloping an eating disorder: a preliminary study. Eat Weight Disord, 16(3),e199-203.Attia, E. (2009). Anorexia Nervosa: Current Status and Future Directions. Annual
Review of Medicine, 61(1), 425-435.Baars, B. J., & Franklin, S. (2003). How conscious experience and working memoryinteract. Trends in Cognitive Sciences, 7(4), 166-172.Baddeley, A. D. (2007). Working memory, thought, and action. Oxford: OxfordUniversity Press.Barnett, J., Salmond, C., Jones, P., & Sahakian, B. (2006). Cognitive reserve inneuropsychiatry. Psychological Medicine, 36(8), 1053-1064.Baron-Cohen, Wheelwright, S., Hill, J., Raste, Y., & Plumb, I. (2001). The "Reading theMind in the Eyes" Test revised version: a study with normal adults, and adultswith Asperger syndrome or high-functioning autism. [Research Support, Non-U.S. Gov't Validation Studies]. J Child Psychol Psychiatry, 42(2), 241-251.Baron-Cohen, Wheelwright, S., Skinner, R., Martin, J., & Clubley, E. (2001). The Autism-Spectrum Quotient (AQ): Evidence from Asperger Syndrome/High-FunctioningAutism, Malesand Females, Scientists and Mathematicians. Journal of Autism
and Developmental Disorders, 31(1), 5-17.Bayless, J. D., Kanz, J. E., Moser, D. J., McDowell, B. D., Bowers, W. A., Andersen, A. E., etal. (2002). Neuropsychological characteristics of patients in a hospital-based
- 251 -
eating disorder program. Annals of clinical psychiatry : official journal of the
American Academy of Clinical Psychiatrists, 14(4), 203-207.Bellini, S., & Peters, J. K. (2008). Social Skills Training for Youth with Autism SpectrumDisorders. Child and Adolescent Psychiatric Clinics of North America, 17(4), 857-873.Bellodi, L., Cavallini, M. C., Bertelli, S., Chiapparino, D., Riboldi, C., & Smeraldi, E.(2001). Morbidity risk for obsessive-compulsive spectrum disorders in first-degree relatives of patients with eating disorders. The American journal of
psychiatry, 158(4), 563-569.Ben-Dor, D. H., Laufer, N., Apter, A., Frisch, A., & Weizman, A. (2002). Heritability,genetics and association findings in anorexia nervosa. [Research Support, Non-U.S. Gov't Review]. The Israel journal of psychiatry and related sciences, 39(4),262-270.Binford, R. B., & le Grange, D. (2005). Adolescents with bulimia nervosa and eatingdisorder not otherwise specified-purging only. The International journal of
eating disorders, 38(2), 157-161.Birmingham, C. L., Su, J., Hlynsky, J. A., Goldner, E. M., & Gao, M. (2005). The mortalityrate from anorexia nervosa. The International journal of eating disorders, 38(2),143-146.Blakemore, S.-J., & Choudhury, S. (2006). Development of the adolescent brain:implications for executive function and social cognition. Journal of Child
Psychology and Psychiatry, 47(3-4), 296-312.Blanz, B. J., Detzner, U., Lay, B., Rose, F., & Schmidt, M. H. (1997). The intellectualfunctioning of adolescents with anorexia nervosa and bulimia nervosa.
European Child &amp; Adolescent Psychiatry, 6(3), 129-135.Blatt, S., & Allison, J. (1968). The intelligence test in personality assessment. Projective
techniques in personality assessment. New York: Springer, 421-460.Bohle, A., von Wietersheim, J., Wilke, E., & Feiereis, H. (1991). Social integration ofpatients with anorexia nervosa and bulimia. Z Psychosom Med Psychoanal,
37(3), 282-291.
- 252 -
Boisseau, C. L., Thompson-Brenner, H., Caldwell-Harris, C., Pratt, E., Farchione, T., &Barlow, D. H. (2012). Behavioural and cognitive impulsivity in obsessive-compulsive disorder and eating disorders. Psychiatry Research.Boraston, Z., Blakemore, S.-J., Chilvers, R., & Skuse, D. H. (2007). Impaired sadnessrecognition is linked to social interaction deficit in autism. Neuropsychologia,
45(7), 1501.Bosanac, P., Kurlender, S., Stojanovska, L., Hallam, K., Norman, T., McGrath, C., et al.(2007). Neuropsychological study of underweight and “weight-recovered”anorexia nervosa compared with bulimia nervosa and normal controls.
International Journal of Eating Disorders, 40(7), 613-621.Brand, M., Franke-Sievert, C., Jacoby, G. E., Markowitsch, H. J., & Tuschen-Caffier, B.(2007). Neuropsychological correlates of decision making in patients withbulimia nervosa. [Research Support, Non-U.S. Gov't]. Neuropsychology, 21(6),742-750.Brickenkamp, R., & Zillmer, E. (1998). The d2 Test of Attention: Hogrefe & HuberPublishing.Brooks, S. J., O’Daly, O. G., Uher, R., Schiöth, H. B., Treasure, J., & Campbell, I. C. (2012).Subliminal food images compromise superior working memory performance inwomen with restricting anorexia nervosa. Consciousness and Cognition(0).Brotman, M. A., Guyer, A. E., Lawson, E. S., Horsey, S. E., Rich, B. A., Dickstein, D. P., et al.(2008). Facial emotion labeling deficits in children and adolescents at risk forbipolar disorder. Am J Psychiatry, 165(3), 385-389.Bruce, K. R., Koerner, N. M., Steiger, H., & Young, S. N. (2003). Laxative misuse andbehavioral disinhibition in bulimia nervosa. International Journal of Eating
Disorders, 33(1), 92-97.Brunstrom, J. M., Davison, C. J., & Mitchell, G. L. (2005). Dietary restraint and cognitiveperformance in children. Appetite, 45(3), 235-241.Bulik, C. M., Sullivan, P. F., Fear, J. I., & Joyce, P. R. (1997). Eating disorders andantecedent anxiety disorders: a controlled study. Acta Psychiatrica
Scandinavica, 96(2), 101-107.
- 253 -
Bulik, C. M., Sullivan, P. F., Tozzi, F., Furberg, H., Lichtenstein, P., & Pedersen, N. L.(2006). Prevalence, Heritability, and Prospective Risk Factors for AnorexiaNervosa. Arch Gen Psychiatry, 63(3), 305-312.Byrne, M. (2003). Neuropsychology, genetic liability, and psychotic symptoms in thoseat high risk of schizophrenia. Journal of Abnormal Psychology, 112(1), 38.Byrne, M., Hodges, A., Grant, E., Owens, D. C., & Johnstone, E. C. (1999).Neuropsychological assessment of young people at high genetic risk fordeveloping schizophrenia compared with controls: preliminary findings of theEdinburgh High Risk Study (EHRS). Psychological Medicine, 29(05), 1161-1173.Case, R., Kurland, D. M., & Goldberg, J. (1982). Operational efficiency and the growth ofshort-term memory span. Journal of Experimental Child Psychology, 33(3), 386-404.Casper, R. C., & Troiani, M. (2001). Family functioning in anorexia nervosa differs bysubtype. International Journal of Eating Disorders, 30(3), 338-342.Castro-Fornieles, J., Bargalló, N., Lázaro, L., Andrés, S., Falcon, C., Plana, M. T., et al.(2007). Adolescent anorexia nervosa: Cross-sectional and follow-up frontalgray matter disturbances detected with proton magnetic resonancespectroscopy. Journal of Psychiatric Research, 41(11), 952-958.Castro, L., Davies, H., Hale, L., Surguladze, S., & Tchanturia, K. (2010). Facial affectrecognition in anorexia nervosa: is obsessionality a missing piece of thepuzzle? Australian and New Zealand journal of psychiatry, 44(12), 1118-1125.Chamberlain, S. R., Fineberg, N. A., Menzies, L. A., Blackwell, A. D., Bullmore, E. T.,Robbins, T. W., et al. (2007). Impaired cognitive flexibility and motor inhibitionin unaffected first-degree relatives of patients with obsessive-compulsivedisorder. [Comparative Study Research Support, Non-U.S. Gov't]. The American
journal of psychiatry, 164(2), 335-338.Claes, L., Mitchell, J., & Vandereycken, W. (2011). Out of control?: Inhibition processesin eating disorders from a personality and cognitive perspective. The
International journal of eating disorders, 45(3), 407.
- 254 -
Claes, L., Nederkoorn, C., Vandereycken, W., Guerrieri, R., & Vertommen, H. (2006).Impulsiveness and lack of inhibitory control in eating disorders. Eating
Behaviors, 7(3), 196-203.Connan, F., Campbell, I., Katzman, M., Lightman, S., & Treasure, J. (2003). Aneurodevelopmental model for anorexia nervosa. Physiol Behav, 79(1), 13-24.Cook-Darzens, S., Doyen, C., Falissard, B., & Mouren, M.-C. (2005). Self-perceivedfamily functioning in 40 French families of anorexic adolescents: implicationsfor therapy. European Eating Disorders Review, 13(4), 223-236.
Cooper, Z. (1987). The eating disorder examination: A semi-structured interview for the assessment of the specific psychopathology of eating disorders. The
International journal of eating disorders, 6(1), 1.Corden, B., Chilvers, R., & Skuse, D. H. (2008). Avoidance of emotionally arousingstimuli predicts social–perceptual impairment in Asperger's syndrome.
Neuropsychologia, 46(1), 137.Cornblatt, B. A., & Erlenmeyer-Kimling, L. (1985). Global Attentional Deviance as aMarker of Risk for Schizophrenia: Specificity and Predictive Validity. Journal of
Abnormal Psychology, 94(4), 470-486.Cowan, N. (1995). Attention and memory : an integrated framework. New York ;Oxford: Oxford University Press.Davalos, D. B. (2004). Neuropsychological deficits in children associated withincreased familial risk for schizophrenia. Schizophrenia Research, 67(2-3), 123.Davidson, M. C., Amso, D., Anderson, L. C., & Diamond, A. (2006). Development ofcognitive control and executive functions from 4 to 13 years: Evidence frommanipulations of memory, inhibition, and task switching. Neuropsychologia,
44(11), 2037-2078.De Haan, M., Belsky, J., Reid, V., Volein, A., & Johnson, M. (2004). Maternal personalityand infants’ neural and visual responsivity to facial expressions of emotion.
Journal of child psychology and psychiatry and allied disciplines, 45(7), 1209.Dennis, Francis, D. J., Cirino, P. T., Schachar, R., Barnes, M. A., & Fletcher, J. M. (2009).Why IQ is not a covariate in cognitive studies of neurodevelopmental
- 255 -
disorders. Journal of the International Neuropsychological Society, 15(03), 331-343.Dennis, T., & Chen, C. (2007). Emotional face processing and attention performance inthree domains: Neurophysiological mechanisms and moderating effects of traitanxiety. International Journal of Psychophysiology, 65(1), 10-19.Dickson, H., Brooks, S., Uher, R., Tchanturia, K., Treasure, J., & Campbell, I. (2008). Theinability to ignore: distractibility in women with restricting anorexia nervosa.
Psychological Medicine, 38(12), 1741-1748.Dobson, K. S., & Dozois, D. J. (2004). Attentional biases in eating disorders: A meta-analytic review of Stroop performance. Clinical Psychology Review, 23, 1001-1022.Eack, S. M. (2010). Social cognition deficits among individuals at familial high risk forschizophrenia. Schizophrenia Bulletin, 36(6), 1081.Eddy, Dorer, D., Franko, D., Tahilani, K., Thompson-Brenner, H., & Herzog, D. (2008).Diagnostic Crossover in Anorexia Nervosa and Bulimia Nervosa: Implicationsfor DSM-V. American Journal of Psychiatry, 165(2), 245-250.Eddy, Swanson, S. A., Crosby, R. D., Franko, D. L., Engel, S., & Herzog, D. B. (2010). Howshould DSM-V classify eating disorder not otherwise specified (EDNOS)presentations in women with lifetime anorexia or bulimia nervosa?
Psychological Medicine, 40(10), 1735-1744.Elliott, R. (2003). Executive functions and their disorders. British Medical Bulletin,
65(1), 49-59.Erlenmeyer-Kimling, L., & Cornblatt, B. (1987). High-risk research in schizophrenia: Asummary of what has been learned. Journal of Psychiatric Research, 21(4), 401-411.Eysenck, M. W. (1992). Anxiety: The cognitive perspective: Psychology Press.Fairburn, C. G. (1991). The heterogeneity of bulimia nervosa and its implications fortreatment. [Research Support, Non-U.S. Gov't Review]. Journal of Psychosomatic
Research, 35 Suppl 1, 3-9.
Fairburn, C. G. (1994). Assessment of eating disorders: Interview or self-report questionnaire? The International journal of eating disorders, 16(4), 363.
- 256 -
Fairburn, C. G., & Bohn, K. (2005a). Eating disorder NOS (EDNOS): an example of thetroublesome "not otherwise specified" (NOS) category in DSM-IV. [ResearchSupport, Non-U.S. Gov't Review]. Behav Res Ther, 43(6), 691-701.Fairburn, C. G., & Bohn, K. (2005b). Eating disorder NOS (EDNOS): an example of thetroublesome â€œnot otherwise specifiedâ€ (NOS) category in DSM-IV.
Behaviour Research and Therapy, 43(6), 691-701.Fairburn, C. G., Cooper, P. J., Cooper, M. J., McKenna, F. P., & Anastasiades, P. (1991).Selective Information Processing in Bulimia Nevosa. International Journal of
Eating Disorders, 10, 415.Fairburn, C. G., Cooper, Z., Bohn, K., O'Connor, M. E., Doll, H. A., & Palmer, R. L. (2007).The severity and status of eating disorder NOS: Implications for DSM-V.
Behaviour Research and Therapy, 45(8), 1705-1715.Fairburn, C. G., Cooper, Z., & Shafran, R. (2003). Cognitive behaviour therapy for eatingdisorders: a "transdiagnostic" theory and treatment. Behav Res Ther, 41(5),509-528.Fairburn, C. G., & Harrison, P. J. (2003). Eating disorders. The Lancet, 361(9355), 407-416.Fassino, S., Piero, A., Abbate Daga, G., Leombruni, P., Mortara, P., & Rovera, G. (2001).Attentional bias and frontal functioning in anorexia nervosa. The International
journal of eating disorders, 31(3), 274 - 283.Faunce, G. J. (2002). Eating Disorders and Attentional Bias: A Review. Eating Disorders,
10(2), 125-139.Faunce, G. J., & Job, R. F. S. (2000). The Stroop colour-naming task and addictivebehaviour: some recommendations. Addiction, 95, 1438.Favaro, A., Caregaro, L., Tenconi, E., Bosello, R., & Santonastaso, P. (2009). Time trendsin age at onset of anorexia nervosa and bulimia nervosa. The Journal of clinical
psychiatry, 70(12), 1715-1721.Favaro, A., Santonastaso, P., Manara, R., Bosello, R., Bommarito, G., Tenconi, E., et al.(2012). Disruption of Visuospatial and Somatosensory Functional Connectivityin Anorexia Nervosa. Biological Psychiatry, 72(10), 864-870.
- 257 -
Field, A. E., Javaras, K. M., Aneja, P., Kitos, N., Camargo, C. A., Taylor, C. B., et al. (2008).Family, peer, and media predictors of becoming eating disordered. [Article].
Archives of Pediatrics & Adolescent Medicine, 162(6), 574-579.First, M. B., Spitzer, R. L., Gibbon, M., & Williams, J. B. W. (2002). Structured Clinical
Interview for DSM-IV-TR Axis I Disorders, Research Version, Non-Patient Edition
(SCID-I/NP).Fowler, L., Blackwell, A., Jaffa, A., Palmer, R., Robbins, T. W., Sahakian, B. J., et al.(2006). Profile of neurocognitive impairments associated with female in-patients with anorexia nervosa. Psychological Medicine, 36(04), 517-527.Frampton, I. (2012). Neurobiological Status at Initial Presentation PredictsNeuropsychological Functioning in Early Onset Anorexia Nervosa at Four-YearFollow Up. Developmental Neuropsychology, 37(1), 76.Funahashi, S. (2001). Neuronal mechanisms of executive control by the prefrontalcortex. Neuroscience Research, 39(2), 147-165.Galderisi, S. (2010). Neurocognitive functioning in bulimia nervosa: the role ofneuroendocrine, personality and clinical aspects. Psychological Medicine, 1(1),1.Galimberti, E., Martoni, R. M., Cavallini, M. C., Erzegovesi, S., & Bellodi, L. (2011). Motorinhibition and cognitive flexibility in eating disorder subtypes. Progress in
Neuro-Psychopharmacology and Biological Psychiatry(0).Garner, D. M. (1991a). Eating Disorder Inventory 2, professional manual. Odessa:Psychological Assessment Resources.Garner, D. M. (1991b). Eating Disorders Inventory 2: Professional manual.Gendall, K. A., Joyce, P. R., Sullivan, P. F., & Bulik, C. M. (1998). Personality anddimensions of dietary restraint. The International journal of eating disorders,
24(4), 371-379.Gevins, A., & Cutillo, B. (1993). Spatiotemporal dynamics of component processes inhuman working memory. Electroencephalography and clinical neurophysiology,
87(3), 128-143.Gillberg, C. (1983). Are autism and anorexia nervosa related? The British Journal of
Psychiatry, 142(4), 428.
- 258 -
Gillberg, C. (1992). The Emanuel Miller Memorial Lecture 1991. fromhttp://dx.doi.org/10.1111/j.1469-7610.1992.tb01959.xGillberg, I., Gillberg, C., Råstam, M., & Johansson, M. (1996). The cognitive profile ofanorexia nervosa: A comparative study including a community-based sample.
Comprehensive Psychiatry, 37(1), 23-30.Gillberg, I., Råstam, M., & Gillberg, C. (1994). Anorexia nervosa outcome: six-yearcontrolled longitudinal study of 51 cases including a population cohort. Journal
of the American Academy of Child & Adolescent Psychiatry, 33(5), 729-739.Gillberg, I., Rastam, M., Wentz, E., & Gillberg, C. (2007). Cognitive and executivefunctions in anorexia nervosa ten years after onset of eating disorder. J Clin Exp
Neuropsychology, 29, 170 - 178.Godart, N. T. (2002). Comorbidity between eating disorders and anxiety disorders: areview. The International journal of eating disorders, 32(3), 253.Godart, N. T., Flament, M. F., Lecrubier, Y., & Jeammet, P. (2000). Anxiety disorders inanorexia nervosa and bulimia nervosa: co-morbidity and chronology ofappearance. European Psychiatry, 15(1), 38-45.Goodwin, R. D. (2002). Social anxiety as a barrier to treatment for eating disorders.
The International journal of eating disorders, 32(1), 103.Gowers, S., & North, C. (1999). Difficulties in family functioning and adolescentanorexia nervosa. The British Journal of Psychiatry, 174(1), 63-66.Green, M., Elliman, N., Wakeling, A., & Rogers, P. (1996a). Cognitive functioning,weight change and therapy in anorexia nervosa. Journal of Psychiatric Research,
30, 401 - 410.Green, M., Elliman, N., Wakeling, A., & Rogers, P. (1996b). Cognitive functioning,weight change and therapy in anorexia nervosa. Journal of Psychiatric Research,
30(5), 401-410.Green, M., Jones, A., Smith, I., Cobain, M., Williams, J., Healy, H., et al. (2003).Impairments in working memory associated with naturalistic dieting inwomen: no relationship between task performance and urinary 5-HIAA levels.
Appetite, 40(2), 145-153.
- 259 -
Green, M., & Rogers, P. (1998). Impairments in working memory associated withspontaneous dieting behaviour. Psychological Medicine, 28(05), 1063-1070.Green, M., Rogers, P., Elliman, N., & Gatenby, S. (1994). Impairment of cognitiveperformance associated with dieting and high levels of dietary restraint.
Physiology &amp; Behavior, 55(3), 447-452.Hambrook, D., Tchanturia, K., Schmidt, U., Russell, T., & Treasure, J. (2008). Empathy,systemizing, and autistic traits in anorexia nervosa: A pilot study. British
Journal of Clinical Psychology, 47(3), 335-339.Hamsher, K. d. S., Halmi, K. A., & Benton, A. L. (1981). Prediction of outcome inanorexia nervosa from neuropsychological status. Psychiatry Research, 4(1),79-88.Handley, S. J., Capon, A., Beveriddge, M., Dennis, I., & Evans, J. S. B. T. (2004). Workingmemory, inhibitory control and the development of children's reasoning.[Article]. Thinking & Reasoning, 10(2), 175-195.Harris, E. C., & Barraclough, B. (1998). Excess mortality of mental disorder. The British
Journal of Psychiatry, 173(1), 11-53.Harrison, A. (2010). Attentional bias, emotion recognition, and emotion regulation inanorexia: state or trait? Biological Psychiatry, 68(8), 755.Harrison, A., Sullivan, S., Tchanturia, K., & Treasure, J. (Writer) (2009). Emotionrecognition and regulation in anorexia nervosa: John Wiley & Sons, Ltd.Hartmann, A., Zeeck, A., & Barrett, M. S. (2010). Interpersonal problems in eatingdisorders. International Journal of Eating Disorders, 43(7), 619-627.Hatch, A., Madden, S., Kohn, M. R., Clarke, S., Touyz, S., Gordon, E., et al. (2010). In firstpresentation adolescent anorexia nervosa, do cognitive markers ofunderweight status change with weight gain following a refeedingintervention? [Article]. International Journal of Eating Disorders, 43(4), 295-306.Hay, P. J. (2008). Eating disorder behaviors are increasing: findings from twosequential community surveys in South Australia. PLoS One, 3(2), e1541.
- 260 -
Hebebrand, J., Casper, R., Treasure, J., & Schweiger, U. (2004). The need to revise thediagnostic criteria for anorexia nervosa. Journal of Neural Transmission, 111(7),827-840.Herman, C. P., & Polivy, J. (1980). Restrained Eating Obesity.Hoek, H., & van Hoeken, D. (2003). Review of the prevalence and incidence of eatingdisorders. Int. J. Eat. Disord., 34, 383.Holender, D. (1986). Semantic activation without conscious identification in dichoticlistening, parafoveal vision, and visual masking: A survey and appraisal.
Behavioural and Brain Sciences, 9(1), 1-23.Holland, A. J., Sicotte, N., & Treasure, J. (1988). Anorexia nervosa: Evidence for agenetic basis. Journal of Psychosomatic Research, 32(6), 561-571.Holliday, J., Tchanturia, K., Landau, S., Collier, D., & Treasure, J. (2005). Is impaired set-shifting an endophenotype of anorexia nervosa? Am J Psychiatry, 162, 2269 -2275.Horan, W., Kern, R., Shokat-Fadai, K., Sergi, M., Wynn, J., & Green, M. (2009). Socialcognitive skills training in schizophrenia: An initial efficacy study of stabilizedoutpatients. Schizophrenia Research, 107(1), 47-54.Howlin, P., Magiati, I., Charman, T., & MacLean, J. W. E. (2009). Systematic Review ofEarly Intensive Behavioral Interventions for Children With Autism. American
Journal on Intellectual and Developmental Disabilities, 114(1), 23-41.Hudson, J. (2007). The prevalence and correlates of eating disorders in the NationalComorbidity Survey Replication. Biological Psychiatry, 61(3), 348.Hudson, J., Hiripi, E., Pope, H. G., & Kessler, R. C. (2007). The Prevalence and Correlatesof Eating Disorders in the National Comorbidity Survey Replication. Biological
Psychiatry, 61(3), 348-358.Hudson, J., Hiripi, E., Pope Jr, H. G., & Kessler, R. C. (2007). The Prevalence andCorrelates of Eating Disorders in the National Comorbidity Survey Replication.
Biological Psychiatry, 61(3), 348-358.Humphreys, K., Minshew, N. J., Leonard, G. L., & Behrmann, M. (2007). A fine-grainedanalysis of facial expression processing in high-functioning adults with autism.
Neuropsychologia, 45(4), 685.
- 261 -
Ingersoll, B. (2010). Broader Autism Phenotype and Nonverbal Sensitivity: Evidencefor an Association in the General Population. Journal of Autism and
Developmental Disorders, 40(5), 590-598.Insel, T., Cuthbert, B., Garvey, M., Heinssen, R., Pine, D. S., Quinn, K., et al. (2010).Research Domain Criteria (RDoC): Developing a valid diagnostic framework forresearch on mental disorders. American Journal of Psychiatry, 167(7), 748-751.Izard, C. E. (2002). Translating emotion theory and research into preventiveinterventions. Psychological Bulletin, 128(5), 796.Jacobi, C., Abascal, L., & Taylor, C. B. (2004). Screening for eating disorders and high-risk behavior: Caution. International Journal of Eating Disorders, 36(3), 280-295.Jacobi, C., Hayward, C., de Zwaan, M., Kraemer, H. C., & Agras, W. S. (2004). Coming toTerms With Risk Factors for Eating Disorders: Application of Risk Terminologyand Suggestions for a General Taxonomy. Psychological Bulletin, 130(1), 19-65.Jänsch, C., Harmer, C., & Cooper, M. J. (2009). Emotional processing in women withanorexia nervosa and in healthy volunteers. Eating Behaviors, 10(3), 184-191.Jones, Duncan, C. C., Brouwers, P., & Mirsky, A. F. (1991). Cognition in eating disorders.
Journal Of Clinical and Experimental Neuropsychology, 13(5), 711-728.Jones, Harmer, C., Cowen, P., & Cooper, M. (2008). Emotional face processing inwomen with high and low levels of eating disorder related symptoms. Eating
Behaviors, 9(4), 389-397.Jurado, M., & Rosselli, M. (2007). The Elusive Nature of Executive Functions: A Reviewof our Current Understanding. Neuropsychology Review, 17(3), 213-233.Kanakam, N., Raoult, C., Collier, D., & Treasure, J. (2012). Set shifting and centralcoherence as neurocognitive endophenotypes in eating disorders: Apreliminary investigation in twins. World Journal of Biological Psychiatry, 0(0),1-12.Kaplan, A. S. (2002). Psychological treatments for anorexia nervosa: a review ofpublished studies and promising new directions. [Review]. Canadian journal of
psychiatry. Revue canadienne de psychiatrie, 47(3), 235-242.
- 262 -
Karwautz, A., Nobis, G., Haidvogl, M., Wagner, G., Hafferl-Gattermayer, A., Wöber-Bingöl, C., et al. (2003). Perceptions of family relationships in adolescents withanorexia nervosa and their unaffected sisters. European Child & Adolescent
Psychiatry, 12(3), 128-135.Kaye, W. H. (2004). Comorbidity of anxiety disorders with anorexia and bulimianervosa. The American journal of psychiatry, 161(12), 2215.Keefe, R. S. (1995). The contribution of neuropsychology to psychiatry. The American
journal of psychiatry, 152(1), 6-15.Keel, P., Fichter, M., Quadflieg, N., Bulik, C., Baxter, M., Thornton, L., et al. (2004).Application of a latent class analysis to empirically define eating disorderphenotypes. [Article]. Archives of General Psychiatry, 61(2), 192-200.Keel, P., Mitchell, J. E., Miller, K. B., Davis, T. L., & Crow, S. J. (1999). Long-term outcomeof bulimia nervosa. Arch Gen Psychiatry, 56(1), 63-69.Keel, P., & Striegel-Moore, R. H. (2009). The validity and clinical utility of purgingdisorder. The International journal of eating disorders, 42(8), 706-719.Keifer, E., Duff, K., Beglinger, L. J., Barstow, E., Andersen, A., & Moser, D. J. (2010).Predictors of Neuropsychological Recovery in Treatment for Anorexia Nervosa.[Article]. Eating Disorders, 18(4), 302-317.Keller, M. B., Lavori, P. W., Friedman, B., Nielsen, E., Endicott, J., McDonald-Scott, P., etal. (1987). The longitudinal interval follow-up evaluation: A comprehensivemethod for assessing outcome in prospective longitudinal studies. Archives of
General Psychiatry, 44(6), 540-548.Kemps, Tiggemann, M., Wade, T., Ben-Tovim, D., & Breyer, R. (2006). SelectiveWorking Memory Deficits in Anorexia Nervosa. European Eating Disorders
Review, 14(97-103), 97.Kemps, & Wilsdon, A. (2009). Preliminary evidence for a role for impulsivity incognitive disinhibition in bulimia nervosa. Journal of Clinical and Experimental
Neuropsychology, 32(5), 515-521.Kemps, & Wilsdon, A. (2010). Preliminary evidence for a role for impulsivity incognitive disinhibition in bulimia nervosa. [Article]. Journal of Clinical &
Experimental Neuropsychology, 32(5), 515-521.
- 263 -
Kendler, K. S., McGuire, M., Gruenberg, A. M., O'Hare, A., Spellman, M., & Walsh, D.(1993). The Roscommon Family Study. I. Methods, diagnosis of probands, andrisk of schizophrenia in relatives. Archives of General Psychiatry, 50(7), 527-540.Kenyon, M., Samarawickrema, N., DeJong, H., Van den Eynde, F., Startup, H., Lavender,A., et al. (2011). Theory of mind in bulimia nervosa. International Journal of
Eating Disorders, n/a-n/a.Keski-Rahkonen, A., Hoek, H. W., Linna, M. S., Raevuori, A., Sihvola, E., Bulik, C. M., et al.(2009). Incidence and outcomes of bulimia nervosa: a nationwide population-based study. Psychological Medicine, 39(05), 823-831.Keski-Rahkonen, A., Hoek, H. W., Susser, E. S., Linna, M. S., Sihvola, E., Raevuori, A., etal. (2007). Epidemiology and course of anorexia nervosa in the community. Am
J Psychiatry, 164(8), 1259-1265.Keski-Rahkonen, A., Sihvola, E., Raevuori, A., Kaukoranta, J., Bulik, C. M., Hoek, H. W., etal. (2006). Reliability of self-reported eating disorders: Optimizing populationscreening. International Journal of Eating Disorders, 39(8), 754-762.Kessler, H., Schwarze, M., Filipic, S., Traue, H., & von Wietersheim, J. (2006).Alexithymia and facial emotion recognition in patients with eating disorders.
International Journal of Eating Disorders, 39(3), 245-251.Keys, A., Brozek, J., Henschel, A., Mickelsen, O., & Taylor, H. L. (1950). The biology of
human starvation.Kieseppa, T., Partonen, T., Haukka, J., Kaprio, J., & Lonnqvist, J. (2004). HighConcordance of Bipolar I Disorder in a Nationwide Sample of Twins. American
Journal of Psychiatry, 161(10), 1814-1821.Kindlon, D., Mezzacappa, E., & Earls, F. (1995). Psychometric Properties of ImpulsivityMeasures: Temporal Stability, Validity and Factor Structure. Journal of Child
Psychology and Psychiatry, 36(4), 645-661.Kingston, K., Szmuckler, G., Andrews, D., Tress, B., & Desmond, P. (1996).Neuropsychological and structural brain changes in anorexia nervosa beforeand after refeeding. Psychological Medicine, 26, 15 - 28.
- 264 -
Klump, K. L., Suisman, J. L., Burt, S. A., McGue, M., & Iacono, W. G. (2009). Genetic andenvironmental influences on disordered eating: An adoption study. J Abnorm
Psychol, 118(4), 797-805.Kucharska-Pietura, K., Nikolaou, V., Masiak, M., & Treasure, J. (2003). The recognitionof emotion in the faces and voice of anorexia nervosa. International Journal of
Eating Disorders, 35(1), 42-47.Lauer, C. J., Gorzewski, B., Gerlinghoff, M., Backmund, H., & Zihl, J. (1999).Neuropsychological assessments before and aftertreatment in patients withanorexia nervosa and bulimianervosa. Journal of Psychiatric Research, 33(2),129-138.Lavender, J. M., De Young, K. P., Franko, D. L., Eddy, K. T., Kass, A. E., Sears, M. S., et al.(2011). An investigation of the joint longitudinal trajectories of low bodyweight, binge eating, and purging in women with anorexia nervosa and bulimianervosa. International Journal of Eating Disorders, 44(8), 679-686.Lear, S., Orit, K., & Apter, A. (2007). Genetic Influences in the Development of EatingDisorders. In T. Jaffa & B. McDermott (Eds.), Eating Disorders in Children and
Adolescents (pp. 70-81). New York: Cambridge University Press.Lee, S. W., Stewart, S. M., Striegel-Moore, R. H., Lee, S., Ho, S.-y., Lee, P. W. H., et al.(2007). Validation of the eating disorder diagnostic scale for use with HongKong adolescents. International Journal of Eating Disorders, 40(6), 569-574.Legenbauer, T., Vocks, S., & Rüddel, H. (2008). Emotion recognition, emotionalawareness and cognitive bias in individuals with bulimia nervosa. Journal of
Clinical Psychology, 64(6), 687-702.Lena, S. M., Fiocco, A. J., & Leyenaar, J. K. (2004). The role of cognitive deficits in thedevelopment of eating disorders. [Review]. Neuropsychology Review, 14(2), 99-113.Leon, G. R., Lucas, A. R., Colligan, R. C., Ferdinande, R. J., & Kamp, J. (1985). Sexual,body-image, and personality attitudes in anorexia nervosa. J Abnorm Child
Psychol, 13(2), 245-257.Levinson, D. F. (2006). The Genetics of Depression: A Review. Biological Psychiatry,
60(2), 84-92.
- 265 -
Lezak, M., Howieson, D., & Loring, D. (2004). Neuropsychological Assessment (4th ed).Lichtenstein, P., Yip, B. H., Bjark, C., Pawitan, Y., Cannon, T. D., Sullivan, P. F., et al.(2009). Common genetic determinants of schizophrenia and bipolar disorderin Swedish families: a population-based study. The Lancet, 373(9659), 234-239.Lilenfeld, L., Kaye, W., Greeno, C., Merikangas, K., Plotnicov, K., Pollice, C., et al. (1998).A controlled family study of anorexia nervosa and bulimia nervosa: psychiatricdisorders in first-degree relatives and effects of proband comorbidity. Archives
of General Psychiatry, 55(7), 603.Lobbestael, J., Leurgans, M., & Arntz, A. (2010). Inter-rater reliability of the StructuredClinical Interview for DSM-IV Axis I Disorders (SCID I) and Axis II Disorders(SCID II). Clinical Psychology & Psychotherapy, 18(1), 75-79.Lock, J., Garrett, A., Beenhakker, J., & Reiss, A. L. (2011). Aberrant Brain ActivationDuring a Response Inhibition Task in Adolescent Eating Disorder Subtypes. Am
J Psychiatry, 168(1), 55-64.Logan, G. D. (1994). On the ability to inhibit thought and action: A users' guide to thestop signal paradigm Inhibitory processes in attention, memory and language(pp. 189 - 239): Academic Press.Lokken, K. L., Marx, H. M., & Ferraro, F. R. (2006). Severity of bulimic symptoms is thebest predictor of interference on an emotional Stroop paradigm. Eat Weight
Disord, 11(1), 38-44.Lopez, C., Stahl, D., & Tchanturia, K. (2010). Estimated intelligence quotient inanorexia nervosa: a systematic review and meta-analysis of the literature. Ann
Gen Psychiatry, 23, 9-40.Lopez, C., Tchanturia, K., Donaldson, N., Sepulveda, A., & Treasure, J. (2006). Anexamination of central coherence in people with anorexia: A pilot study.Lopez, C., Tchanturia, K., Stahl, D., & Treasure, J. (2008). Central coherence in womenwith bulimia nervosa. International Journal of Eating Disorders, 41, 340-347.Luck, A. J., Morgan, J. F., Reid, F., O'Brien, A., Brunton, J., Price, J. C., et al. (2002). TheSCOFF questionnaire and clinical interview for eating disorders in generalpractice: comparative study. BMJ, 325(7376), 1331.
- 266 -
Machado, P. P. P., Machado, B. C., Gonçalves, S., & Hoek, H. W. (2007). The prevalenceof eating disorders not otherwise specified. International Journal of Eating
Disorders, 40(3), 212-217.Madden, S., Morris, A., Zurynski, Y., A., Kohn, M., & Elliot, E. J. (2009). Burden of eating
disorders in 5-13-year-old children in Australia (Vol. 190). Sydney, AUSTRALIE:Australasian Medical Publishing Company.Manly, T., Anderson, V., Nimmo-Smith, I., Turner, A., Watson, P., & Robertson, I. H.(2001). The Differential Assessment of Children's Attention: The Test ofEveryday Attention for Children (TEA-Ch), Normative Sample and ADHDPerformance. The Journal of Child Psychology and Psychiatry and Allied
Disciplines, 42(08), 1065-1081.Mannie, Z. N. (2007). Impaired emotional categorisation in young people at increasedfamilial risk of depression. Neuropsychologia, 45(13), 2975.Mathias, J., & Kent, P. (1998). Consequences of extreme weight loss and dietaryrestriction in patients with anorexia nervosa. J Clin Exp Neuropsychol, 20(4),548 - 564.Maxell, J. K., Tucker, D. M., & Townes, B. D. (1984). Asymmetric Cognitive Function InAnorexia Nervosa. International Journal of Eating Disorders, 24, 37-44.Maxwell, J. K., Tucker, D. M., & Townes, B. D. (1984). Asymmetric cognitive function inanorexia nervosa. International Journal of Neuroscience, 24(1), 37-44.Mazzeo, S. E., Mitchell, K. S., Bulik, C. M., Aggen, S. H., Kendler, K. S., & Neale, M. C.(2009). A twin study of specific bulimia nervosa symptoms. Psychol Med, 40(7),1203-1213.McClure, E. B. (2000). A meta-analytic review of sex differences in facial expressionprocessing and their development in infants, children, and adolescents.
Psychological Bulletin, 126(3), 424-453.McIntire, K., Danforth, M., & Schneider, H. (1999). Measuring cue perception:Assessment of reliability and validity. North American Journal of Psychology,
1(2), 261-266.
- 267 -
McIntosh, Jordan, J., Carter, F. A., Luty, S. E., McKenzie, J. M., Bulik, C. M., et al. (2005).Three psychotherapies for anorexia nervosa: a randomized, controlled trial.
Am J Psychiatry, 162(4), 741-747.McIntosh, Jordan, J., Luty, S. E., Carter, F. A., McKenzie, J. M., Bulik, C. M., et al. (2006).Specialist supportive clinical management for anorexia nervosa. International
Journal of Eating Disorders, 39(8), 625-632.McIntosh, V. V., Bulik, C. M., McKenzie, J. M., Luty, S. E., & Jordan, J. (2000).Interpersonal psychotherapy for anorexia nervosa. International Journal of
Eating Disorders, 27(2), 125-139.Medina-Pradas, C., Navarro, J. B., Alvarez-Moya, E. M., Grau, A., & Obiols, J. E. (2012).Emotional Theory of Mind in Eating Disorders. International journal of clinical
and health psychology, 12(2), 189-202.Meehan, K. G., Loeb, K. L., Roberto, C. A., & Attia, E. (2006). Mood change during weightrestoration in patients with anorexia nervosa. International Journal of Eating
Disorders, 39(7), 587-589.Melfsen, S., Walitza, S., & Warnke, A. (2006). The extent of social anxiety incombination with mental disorders. Eur Child Adolesc Psychiatry, 15(2), 111-117.Melissa, A. B., Martha, S., Brendan, A. R., Karina, S. B., Daniel, S. P., James, R. B., et al.(2008). Risk for Bipolar Disorder Is Associated With Face-Processing DeficitsAcross Emotions. Journal of the American Academy of Child and Adolescent
Psychiatry, 47(12), 1455-1461.Mendlewicz, L., Linkowski, P., Bazelmans, C., & Philippot, P. (2005). Decodingemotional facial expressions in depressed and anorexic patients. Journal of
Affective Disorders, 89(1), 195-199.Mesulam, M. M. (1985). Principles of behavioral neurology (Vol. 26): Oxford UniversityPress, USA.Meule, A., Lukito, S., Vögele, C., & Kübler, A. (2011). Enhanced behavioral inhibition inrestrained eaters. Eating Behaviors, 12(2), 152-155.Micali, N., De Stavola, B., dos-Santos-Silva, I., Steenweg-de Graaff, J., Jansen, P. W.,Jaddoe, V. W., et al. (2012). Perinatal outcomes and gestational weight gain in
- 268 -
women with eating disorders: a population-based cohort study. [ResearchSupport, Non-U.S. Gov't]. BJOG : an international journal of obstetrics and
gynaecology, 119(12), 1493-1502.Micali, N., Simonoff, E., & Treasure, J. (2007a). Risk of major adverse perinataloutcomes in women with eating disorders. British Journal of Psychiatry, 190(3),255.Micali, N., Simonoff, E., & Treasure, J. (2007b). Risk of major adverse perinataloutcomes in women with eating disorders. The British Journal of Psychiatry,
190(3), 255-259.Milos, G., Spindler, A., Schnyder, U., & Fairburn, C. G. (2005). Instability of eatingdisorder diagnoses: prospective study. [Research Support, Non-U.S. Gov't]. Br J
Psychiatry, 187, 573-578.Miyake, A., Friedman, N. P., Emerson, M. J., Witzki, A. H., Howerter, A., & Wager, T. D.(2000). The Unity and Diversity of Executive Functions and TheirContributions to Complex "Frontal Lobe" Tasks: A Latent Variable Analysis.
Cognitive Psychology, 41(1), 49-100.Mond, J., Hay, P., Rodgers, B., & Owen, C. (2007). Health service utilization for eatingdisorders: Findings from a community-based study. International Journal of
Eating Disorders, 40(5), 399-408.Mond, J., Hay, P., Rodgers, B., Owen, C., & Beumont, P. (2004). Validity of the EatingDisorder Examination Questionnaire (EDE-Q) in screening for eating disordersin community samples. Behaviour Research and Therapy, 42(5), 551-567.Money, C., Genders, R., Treasure, J., Schmidt, U., & Tchanturia, K. (2011). A briefemotion focused intervention for inpatients with anorexia nervosa: Aqualitative study. Journal of health psychology, 16(6), 947-958.Monk, C., Klein, R., Telzer, E., Schroth, E., Mannuzza, S., Moulton, J., et al. (2008).Amygdala and Nucleus Accumbens Activation to Emotional Facial Expressionsin Children and Adolescents at Risk for Major Depression. American Journal of
Psychiatry, 165(1), 90-98.
- 269 -
Murphy, R., Nutzinger, D. O., Paul, T., & Leplow, B. (2002). Dissociated Conditional-Associative Learning in Anorexia Nervosa. Journal of Clinical & Experimental
Neuropsychology, 24(2), 176-186.Nederkoorn, C., Van Eijs, Y., & Jansen, A. (2004). Restrained eaters act on impulse.
Personality and Individual Differences, 37(8), 1651-1658.Nelson, H. E. (1991). National adult reading test (NART): Nfer-Nelson.Nicholls, D., Chater, R., & Lask, B. (2000). Children into DSM don't go: a comparison ofclassification systems for eating disorders in childhood and early adolescence.
The International journal of eating disorders, 28(3), 317-324.Nicholson, C. L., & Alcorn, C. L. (1993). Interpretation of the WISC-III and Its Subtests.Nikendei, C., Funiok, C., Pfüller, U., Zastrow, A., Aschenbrenner, S., Weisbrod, M., et al.(2011). Memory performance in acute and weight-restored anorexia nervosapatients. Psychological Medicine, 41(04), 829-838.Nowicki, S., & Duke, M. (1994). Individual differences in the nonverbal communicationof affect: The diagnostic analysis of nonverbal accuracy scale. Journal of
Nonverbal Behavior, 18(1), 9-35.Nunn, K., Frampton, I., Gordon, I., & Lask, B. (2008). The fault is not in her parents butin her insula--a neurobiological hypothesis of anorexia nervosa. European
eating disorders review : the journal of the Eating Disorders Association, 16(5),355-360.Oberndorfer, T. A., Kaye, W. H., Simmons, A. N., Strigo, I. A., & Matthews, S. C. (2011).Demand-specific alteration of medial prefrontal cortex response during aninhibition task in recovered anorexic women. International Journal of Eating
Disorders, 44(1), 1-8.Odent, M. (2010). Autism and anorexia nervosa: Two facets of the same disease?
Medical Hypotheses, 75(1), 79-81.Ohrmann, Kersting, A., Suslow, T., Lalee-Mentze, J., Donge, U., Fiebich, M., et al. (2004).Proton magnetic resonance spectroscopy in anorexia nervosa: correlation withcognition. Neuroreport, 15, 549 - 553.
- 270 -
Ohrmann, P., Kersting, A., Suslow, T., Lalee-Mentzel, J., Donges, U. S., Fiebich, M., et al.(2004). Proton magnetic resonance spectroscopy in anorexia nervosa:correlations with cognition. Neuroreport, 15(3), 549-553.Oldershaw, A. (2010). Emotional theory of mind and emotional awareness inrecovered anorexia nervosa patients. Psychosomatic Medicine, 72(1), 73.Oldershaw, A., Hambrook, D., Stahl, D., Tchanturia, K., Treasure, J., & Schmidt, U.(2011). The socio-emotional processing stream in Anorexia Nervosa.
Neuroscience &amp; Biobehavioral Reviews, 35(3), 970-988.Palazidou, E., Robinson, P., & Lishman, W. A. (1990). Neuroradiological andneuropsychological assessment in anorexia nervosa. Psychological Medicine,
20(3), 521-527.Palermo, M. T., Pasqualetti, P., Barbati, G., Intelligente, F., & Rossini, P. M. (2006).Recognition of schematic facial displays of emotion in parents of children withautism. Autism, 10(4), 353-364.Paul, T., Schroeter, K., Dahme, B., & Nutzinger, D. O. (2002). Self-injurious behavior inwomen with eating disorders. Am J Psychiatry, 159(3), 408-411.Pelphrey, K. A., Sasson, N. J., Reznick, J. S., Paul, G., Goldman, B. D., & Piven, J. (2002).Visual scanning of faces in autism. Journal of Autism and Developmental
Disorders, 32(4), 249.Peterson, C. B., Crosby, R. D., Wonderlich, S. A., Joiner, T., Crow, S. J., Mitchell, J. E., et al.(2007). Psychometric properties of the eating disorder examination-questionnaire: Factor structure and internal consistency. International Journal
of Eating Disorders, 40(4), 386-389.Philip, R. C. M., Whalley, H. C., Stanfield, A. C., Sprengelmeyer, R., Santos, I. M., Young, A.W., et al. (2010). Deficits in facial, body movement and vocal emotionalprocessing in autism spectrum disorders. Psychological Medicine, 40(11), 1919.Philip, R. C. M., Whalley, H. C., Stanfield, A. C., Sprengelmeyer, R., Santos, I. M., Young, A.W., et al. (2010). Deficits in facial, body movement and vocal emotionalprocessing in autism spectrum disorders. Psychological Medicine, 40(11), 1919-1929.
- 271 -
Phillips, L. K. (2008). Emotion processing in persons at risk for schizophrenia.
Schizophrenia Bulletin, 34(5), 888.Pieters, G., Sabbe, B., Hulstijn, W., Probst, M., Vandereycken, W., & Peuskens, J. (2003).Fast psychomotor functioning in underweight anorexia nervosa patients.
Journal of Psychiatric Research, 37(6), 501-508.Piven, J. (2001). The broad autism phenotype: A complementary strategy formolecular genetic studies of autism. American Journal of Medical Genetics,
105(1), 34-35.Piven, J., Palmer, P., Jacobi, D., Childress, D., & Arndt, S. (1997). Broader autismphenotype : Evidence from a family history study of multiple-incidence autismfamilies. American Journal of Psychiatry, 154, 185-190.Polivy, J., & Herman, C. P. (2002). Causes of eating disorders. Annu Rev Psychol, 53,187-213.Pollatos, O. (2008). Impaired central processing of emotional faces in anorexianervosa. Psychosomatic Medicine, 70(6), 701.Porcelli, P., Bagby, R. M., Taylor, G. J., De Carne, M., Leandro, G., & Todarello, O. (2003).Alexithymia as Predictor of Treatment Outcome in Patients with FunctionalGastrointestinal Disorders. Psychosomatic Medicine, 65(5), 911-918.Preti, A. (2009). The epidemiology of eating disorders in six European countries:results of the ESEMeD-WMH project. Journal of Psychiatric Research, 43(14),1125.Preti, A., Girolamo, G., Vilagut, G., Alonso, J., Graaf, R., Bruffaerts, R., et al. (2009). Theepidemiology of eating disorders in six European countries: Results of theESEMeD-WMH project. Journal of Psychiatric Research, 43(14), 1125-1132.Pringle, A., Harmer, C. J., & Cooper, M. J. (2010). Investigating vulnerability to eatingdisorders: biases in emotional processing. Psychological Medicine, 40(04), 645-655.Raevuori, A., Hoek, H. W., Susser, E., Kaprio, J., Rissanen, A., & Keski-Rahkonen, A.(2009). Epidemiology of Anorexia Nervosa in Men: A Nationwide Study ofFinnish Twins. PLoS One, 4(2), e4402.
- 272 -
Rasetti, R. (2011). Intermediate phenotypes in psychiatric disorders. Current opinion
in genetics & development, 21(3), 340.Råstam, M., Gillberg, C., & Wentz, E. (2003). Outcome of teenage-onset anorexianervosa in a Swedish community-based sample. European Child & Adolescent
Psychiatry, 12(0).Reitan, R. M. (1992). Trail Making Test: Manual for Administration and Scoring [adults]:Reitan Neuropsychology Laboratory.Ridout, N., Thom, C., & Wallis, D. J. (2010). Emotion recognition and alexithymia infemales with non-clinical disordered eating. Eating Behaviors, 11(1), 1-5.Ridout, N., Wallis, D. J., Autwal, Y., & Sellis, J. (2012). The influence of emotionalintensity on facial emotion recognition in disordered eating. Appetite(0).Roberts, M., Tchanturia, K., & Treasure, J. (2010). Exploring the neurocognitivesignature of poor set-shifting in anorexia and bulimia nervosa. Journal of
Psychiatric Research, 44(14), 964-970.Robertson, I. H., Ward, T., Ridgeway, V., & Nimmo-Smith, I. (1996). The structure ofnormal human attention: The Test of Everyday Attention. Journal of the
International Neuropsychological Society, 2(06), 525-534.Rose, M., Frampton, I., & Lask, B. (2012). A Case Series Investigating DistinctNeuropsychological Profiles in Children and Adolescents with AnorexiaNervosa. European Eating Disorders Review, 20(1), 32-38.Rosval, L., Steiger, H., Bruce, K., Israel, M., Richardson, J., & Aubut, M. (2006).Impulsivity in women with eating disorders: problem of response inhibition,planning, or attention? The International journal of eating disorders, 39(7), 590-593.Rothschild-Yakar, L., Eviatar, Z., Shamia, A., & Gur, E. (2011). Social cognition in eatingdisorders: Encoding and representational processes in binging and purgingpatients. European Eating Disorders Review, 19(1), 75-84.Rubin, D. B. (2008). Frontmatter Multiple Imputation for Nonresponse in Surveys (pp. i-xxix): John Wiley & Sons, Inc.Ruiz, E., Leon, M., Diaz, J., Paredes, K., & Resendiz, F. (2012). Neuropsychology ofBulimia Nervosa: New Findings. In I. Lobera (Eds.), Relevant Topics in Eating
- 273 -
Disorders Available from http://www.intechopen.com/books/relevant-topics-in-eating-disorders/neuropsychology-of-bulimia-nervosa-new-findingsRussell, T., Schmidt, U., Doherty, L., Young, V., & Tchanturia, K. (2009). Aspects ofsocial cognition in anorexia nervosa: Affective and cognitive theory of mind.
Psychiatry Research, 168(3), 181-185.Rutschmann, J., Cornblatt, B., & Erlenmeyer-Kimling, L. (1977). Sustained Attention inChildren at Risk for Schizophrenia: Report on a Continuous Performance Test.
Arch Gen Psychiatry, 34(5), 571-575.Salbach-Andrae, H., Lenz, K., Simmendinger, N., Klinkowski, N., Lehmkuhl, U., &Pfeiffer, E. (2008). Psychiatric Comorbidities among Female Adolescents withAnorexia Nervosa. Child Psychiatry & Human Development, 39(3), 261-272.Sattler, J. (1974). The intelligence test in personality assessment, in Projectivetechniques in personality assessment Projective techniques in personality
assessment. Philadelphia, Pennsylvania: Saunders.Sattler, J. (2001). Assessment of children: Cognitive applications. La Mesa, CA: Jerome M.Sattler.Seed, J. A., Dixon, R. A., McCluskey, S. E., & Young, A. H. (2000). Basal activity of thehypothalamic-pituitary-adrenal axis and cognitive function in anorexianervosa. European Archives of Psychiatry and Clinical Neuroscience, 250(1), 11-15.Sellbom, K. S., & Gunstad, J. (2012). Cognitive Function and Decline in Obesity.[10.3233/JAD-2011-111073]. Journal of Alzheimer's Disease.Sergi, M., Rassovsky, Y., Nuechterlein, K., & Green, M. (2006). Social perception as amediator of the influence of early visual processing on functional status inschizophrenia. Am J Psychiatry, 163(3), 448-454.Sergi, M., Rassovsky, Y., Widmark, C., Reist, C., Erhart, S., Braff, D., et al. (2007). Socialcognition in schizophrenia: Relationships with neurocognition and negativesymptoms. Schizophrenia Research, 90(1–3), 316-324.Serpell, L., Teasdale, J., Troop, N., & Treasure, J. (2004). The development of the P-CAN,a measure to operationalize the pros and cons of anorexia nervosa.
International Journal of Eating Disorders, 36(4), 416-433.
- 274 -
Serpell, L., Treasure, J., Teasdale, J., & Sullivan, V. (1999). Anorexia nervosa: Friend orfoe? International Journal of Eating Disorders, 25(2), 177-186.Shallice, T. (1988). From neuropsychology to mental structure.Silberg, J. L., & Bulik, C. M. (2005). The developmental association between eatingdisorders symptoms and symptoms of depression and anxiety in juvenile twingirls. J Child Psychol Psychiatry, 46(12), 1317-1326.Simpson, P. M., Surmon, D., Wesnes, K. A., & Wilcock, G. (1991). The cognitive drugresearch computerized assessment system for demented patients: a validationstudy. International Journal of Geriatric Psychiatry, 6(2), 95-102.Skuse, D. H., Mandy, W. P. L., & Scourfield, J. (2005). Measuring autistic traits:heritability, reliability and validity of the Social and Communication DisordersChecklist. British Journal of Psychiatry, 187(6), 568.Skuse, D. H., Mandy, W. P. L., Steer, C., Miller, L., Goodman, R., Lawrence, K., et al.(2009). Social communication competence and functional adaptation in ageneral population of children: preliminary evidence for sex-by-verbal IQdifferential risk. Journal of the American Academy of Child & Adolescent
Psychiatry, 48(2), 128.Smink, F. R., van Hoeken, D., & Hoek, H. W. (2012). Epidemiology of eating disorders:incidence, prevalence and mortality rates. Curr Psychiatry Rep, 14(4), 406-414.Southgate, L. (2005). Response inhibition in anorexia nervosa and bulimia nervosa: Anexplanatoration of neuropsychological functions and their association withpersonality traits and behaviours. Institute of Psychiatry, Maudsley Hospital,
London: University of London.Speranza, M., Loas, G., Wallier, J., & Corcos, M. (2007). Predictive value of alexithymiain patients with eating disorders: A 3-year prospective study. Journal of
Psychosomatic Research, 63(4), 365-371.Stedal, Frampton, I., Landro, N. I., & Lask, B. (2011). An examination of the ravelloprofile--a neuropsychological test battery for anorexia nervosa. European
eating disorders review : the journal of the Eating Disorders Association, 20(3),175-181.
- 275 -
Stedal, Rose, M., Frampton, I., Landrø, N. I., & Lask, B. (2012). The NeuropsychologicalProfile of Children, Adolescents, and Young Adults with Anorexia Nervosa.
Archives of Clinical Neuropsychology.Steiger, H., Lehoux, P. M., & Gauvin, L. (1999). Impulsivity, dietary control and the urgeto binge in bulimic syndromes. International Journal of Eating Disorders, 26(3),261-274.Steinhausen, H. (2002). The outcome of anorexia nervosa in the 20th century. Am J
Psychiatry, 159, 1284 - 1293.Stern, Y. (2003). The Concept of Cognitive Reserve: A Catalyst for Research. Journal of
Clinical & Experimental Neuropsychology, 25(5), 589-593.Stice, E. (2000). Development and validation of the Eating Disorder Diagnostic Scale: Abrief self-report measure of anorexia, bulimia, and binge-eating disorder.
Psychological Assessment, 12(2), 123.Stice, E., Fisher, M., & Martinez, E. (2004). Eating disorder diagnostic scale: additionalevidence of reliability and validity. Psychol Assess, 16(1), 60-71.Stice, E., Marti, C. N., Shaw, H., & Jaconis, M. (2009). An 8-year longitudinal study of thenatural history of threshold, subthreshold, and partial eating disorders from acommunity sample of adolescents. J Abnorm Psychol, 118(3), 587-597.Stice, E., Mazotti, L., Krebs, M., & Martin, S. (1998b). Predictors of adolescent dietingbehaviours: a longitudinal study. Psychology of Addictive Behaviours, 12, 195-205.Stice, E., Telch, C. F., & Rizvi, S. L. (2000). Development and validation of the EatingDisorder Diagnostic Scale: a brief self-report measure of anorexia, bulimia, andbinge-eating disorder. Psychol Assess, 12(2), 123-131.Streiner, D. L. (1995). Health measurement scales: a practical guide to their
development and use. Oxford: Oxford University Press.Striegel-Moore, R. H., Franko, D. L., & Ach, E. L. (2006). Epidemiology of eatingdisorders: an update. In S. A. Wonderlich, J. Mitchell, M. d. Zwaan & H. Steiger(Eds.), Annual Review of Eating Disorders: Part 2 (pp. 65-80): Radcliffe.Strober, M. (2004). Pathologic fear conditioning and anorexia nervosa: On the searchfor novel paradigms. International Journal of Eating Disorders, 35(4), 504-508.
- 276 -
Strober, M., Freeman, R., Lampert, C., Diamond, J., & Kaye, W. (2000). Controlled familystudy of anorexia nervosa and bulimia nervosa: evidence of shared liability andtransmission of partial syndromes. American Journal of Psychiatry, 157(3), 393-401.Stroop, J. R. (1935). Studies of interference in serial verbal reactions. Journal of
Experimental Psychology, 18(6), 643.Swanson, S., Crow, S. J., Le Grange, D., Swendsen, J., & Merikangas, K. R. (2011).Prevalence and correlates of eating disorders in adolescents: Results from thenational comorbidity survey replication adolescent supplement. Archives of
General Psychiatry, 68(7), 714-723.Szmukler, G. I., Andrewes, D., Kingston, K., Chen, L., Stargatt, R., & Stanley, R. (1992).Neuropsychological impairment in anorexia nervosa: before and afterrefeeding. [Research Support, Non-U.S. Gov't]. Journal of Clinical &
Experimental Neuropsychology, 14(2), 347-352.Tasca, G. A., Taylor, D., Ritchie, K., & Balfour, L. (2004). Attachment Predicts TreatmentCompletion in an Eating Disorders Partial Hospital Program Among WomenWith Anorexia Nervosa. Journal of Personality Assessment, 83(3), 201-212.Taylor, C. B., Bryson, S. W., Altman, T. M., Abascal, L., Celio, A., & Cunning, D. (2003).Risk factors for the onset of eating disorders in adolescent girls: results of theMcKnight longitudinal risk factor study. Am J Psychiatry, 160(2), 248-254.Tchanturia, K., Davies, H., & Campbell, I. (2007). Cognitive remediation therapy forpatients with anorexia nervosa: preliminary findings. [Article]. Annals of
General Psychiatry, 6, 14-16.Tchanturia, K., Davies, H., Roberts, M., Harrison, A., Nakazato, M., Schmidt, U., et al.(2012). Poor Cognitive Flexibility in Eating Disorders: Examining the Evidenceusing the Wisconsin Card Sorting Task. PLoS One, 7(1), e28331.Tchanturia, K., Happé, F., Godley, J., Treasure, J., Bara-Carril, N., & Schmidt, U. (2004).‘Theory of mind’ in anorexia nervosa. European Eating Disorders Review, 12(6),361-366.
- 277 -
Tchanturia, K., Harrison, A., Davies, H., Roberts, M., Oldershaw, A., Nakazato, M., et al.(2011). Cognitive flexibility and clinical severity in eating disorders. PLoS One,
6(6), e20462.Tenconi, E., Lunardi, N., Zanetti, T., Santonastaso, P., & Favaro, A. (2006). Predictors ofbinge eating in restrictive anorexia nervosa patients in Italy. J Nerv Ment Dis,
194(9), 712-715.Tenconi, E., Santonastaso, P., Degortes, D., Bosello, R., Titton, F., Mapelli, D., et al.(2010). Set-shifting abilities, central coherence, and handedness in anorexianervosa patients, their unaffected siblings and healthy controls: exploringputativeendophenotypes. World J Biol Psychiatry, 11(6), 813 - 823.Tozzi, F., Thornton, L. M., Klump, K. L., Fichter, M. M., Halmi, K. A., Kaplan, A. S., et al.(2005). Symptom Fluctuation in Eating Disorders: Correlates of DiagnosticCrossover. American Journal of Psychiatry, 162(4), 732-740.Trace, S. E., Thornton, L. M., Root, T. L., Mazzeo, S. E., Lichtenstein, P., Pedersen, N. L., etal. (2011). Effects of reducing the frequency and duration criteria for bingeeating on lifetime prevalence of bulimia nervosa and binge eating disorder:implications for DSM-5. The International journal of eating disorders, 45(4),531-536.Treasure, J. (2012). Coherence and other autistic spectrum traits and eating disorders:Building from mechanism to treatment. The Birgit Olsson lecture. Nordic
Journal of Psychiatry, 0(0), 1-5.Troop, N. A., & Bifulco, A. (2002). Childhood social arena and cognitive sets in eatingdisorders. British Journal of Clinical Psychology, 41(2), 205-211.Turner, H., & Bryant-Waugh, R. (2004). Eating disorder not otherwise specified(EDNOS): profiles of clients presenting at a community eating disorder service.
European Eating Disorders Review, 12(1), 18-26.Van den Eynde, F., Guillaume, S., Broadbent, H., Stahl, D., Campbell, I., Schmidt, U., et al.(2011). Neurocognition in bulimic eating disorders: a systematic review. Acta
Psychiatrica Scandinavica, 124(2), 120-140.Van den Eynde, F., Samarawickrema, N., Kenyon, M., DeJong, H., Lavender, A., Startup,H., et al. (2011). A study of neurocognition in bulimia nervosa and eating
- 278 -
disorder not otherwise specified–bulimia type. Journal Of Clinical And
Experimental Neuropsychology, 1-11.van Soelen, I. L. C. (2011). Heritability of Verbal and Performance Intelligence in aPediatric Longitudinal Sample. Twin research and human genetics, 14(2), 119.Verbruggen, F., & Logan, G. D. (2008). Response inhibition in the stop-signal paradigm.
Trends in Cognitive Sciences, 12(11), 418-424.Vitousek, K., Watson, S., & Wilson, G. T. (1998). Enhancing motivation for change intreatment-resistant eating disorders. Clinical Psychology Review, 18(4), 391-420.Wade, T. D., Bergin, J. L., Tiggemann, M., Bulik, C. M., & Fairburn, C. G. (2006).Prevalence and Long-Term Course of Lifetime Eating Disorders in an AdultAustralian Twin Cohort. Australian and New Zealand journal of psychiatry,
40(2), 121-128.Wallace, S., Coleman, M., & Bailey, A. (2008). An investigation of basic facial expressionrecognition in autism spectrum disorders. Cognition & Emotion, 22(7), 1353-1380.Watson, T. L. (2003). A critical examination of the amenorrhea and weight criteria fordiagnosing anorexia nervosa. Acta Psychiatrica Scandinavica, 108(3), 175.Waxman, S. E. (2009). A systematic review of impulsivity in eating disorders.
European Eating Disorders Reviews, 17(6), 408-425.Wechsler, D. (1981). WAIS‐R manual: Wechsler adult intelligence scale – revised.Wechsler, D. (1990). Manual for the Wechsler Adult Intelligence Scale – revised.Wechsler, D., Golombok, S., & Rust, J. (1992). WISC-IIIUK Wechsler Intelligence Scalefor Children – Third Edition UK Manual. .Wesnes, K. A., Ward, T., Ayre, G., & Pincock, C. (1999). Validity and utility of thecognitive drug research (CDR) computerised cognitive testing system: A reviewfollowing fifteen years of usage. European Neuropsychopharmacology, 9,
Supplement 5(0), 368.Whitney, J., & Eisler, I. (2005). Theoretical and empirical models around caring forsomeone with an eating disorder: The reorganization of family life and inter-personal maintenance factors. Journal of Mental Health, 14(6), 575-585.
- 279 -
Whyte, M. C. (2006). Neuropsychological performance over time in people at high riskof developing schizophrenia and controls. Biological Psychiatry, 59(8), 730.Wilfley, D. E., Bishop, M. E., Wilson, G. T., & Agras, W. S. (2007). Classification of eatingdisorders: Toward DSM-V. International Journal of Eating Disorders, 40(S3),S123-S129.Williams, Ponesse, J. S., Schachar, R. J., Logan, G. D., & Tannock, R. (1999). Developmentof inhibitory control across the life span. [Research Support, Non-U.S. Gov't].
Developmental psychology, 35(1), 205-213.Williams, J. M. G., Mathews, A., & MacLeod, C. (1996). The emotional Stroop task andpsychopathology. Psychological Bulletin, 120(1), 3.Wing, L. (1997). The autistic spectrum. Lancet, 350(9093), 1761-1766.Zakzanis, K. K., Campbell, Z., & Polsinelli, A. (2010). Quantitative evidence for distinctcognitive impairment in anorexia nervosa and bulimia nervosa. Journal of
Neuropsychology, 4(1), 89-106.Zipfel, S., Löwe, B., Reas, D. L., Deter, H.-C., & Herzog, W. (2000). Long-term prognosisin anorexia nervosa: lessons from a 21-year follow-up study. The Lancet,
355(9205), 721-722.Zonnevijlle-Bendek, M. J. S., van Goozen, S. H. M., Cohen-Kettenis, P. T., van Elburg, A.,& van Engeland, H. (2002). Do adolescent anorexia nervosa patients havedeficits in emotional functioning? European Child & Adolescent Psychiatry,
11(1), 38-42.Zonnevylle-Bender, Goozen, S. M., Cohen-Kettenis, P., Elburg, T. A., & Engeland, H.(2004). Emotional functioning in adolescent anorexia nervosa patients.
European Child & Adolescent Psychiatry, 13(1), 28-34.Zonnevylle-Bender, van Goozen, S. H. M., Cohen-Kettenis, P. T., van Elburg, A., de Wildt,M., Stevelmans, E., et al. (2004). Emotional functioning in anorexia nervosapatients: Adolescents compared to adults. Depression and Anxiety, 19(1), 35-42.Zucker, N. L. (2007). Anorexia nervosa and autism spectrum disorders: Guidedinvestigation of social cognitive endophenotypes. Psychological Bulletin,
133(6), 976.
- 280 -
Zucker, N. L., Losh, M., Bulik, C. M., LaBar, K. S., Piven, J., & Pelphrey, K. A. (2007).Anorexia Nervosa and Autism Spectrum Disorders: Guided Investigation ofSocial Cognitive Endophenotypes. Psychological Bulletin, 133(6), 976-1006.Zucker, N. L., Moskvich, A., & Soo, A. (2011). Neuropsychological Aspects of EatingDisorders. Psychiatric Annals, 41(11).
